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EDITORIAL 


Engaging new scientific horizons 


ext week, the New Horizons spacecraft will re- 
onnoiter Pluto and ts system of moons on the 
ragged edge of our planetary system. It may 
then fy by iey bodies inthe Kuiper Belt, more 
than a billion kilometers beyond Neptunes or 
bit, These will come the farthest worlds ever 
explored, ushering in a new era of discovery. 
Although information from previous planetary probes 
has helped scientists under- 
stand the origin of the in- 
ner rocky planets (Mercury 
Venus, Earth, and Mars) 
and the gas giants (lupl- 
ter, Satum, Urano, and 
Neptune), as well as their 
moons, this will be the fist 
‘opportunity to undertake a 
close-up study of the dwarf 
planets that are so common 
hheyond Neptune, 

The US. National Aero- 
ruties and Space Admin- 
istration (ASA) launched 
New Horizons in January 
2006 after 5 years of devel 
‘opment at a cost of $729, 
nllion. The spacceraftear- 
Fes geven scientific intr 
ments to probe the surface 
properties, geology, interior 
makeup, and atmospheres 
ff these planetary bodies 
1 is the frst journey of 
science and exploration to 
‘venture to the outer reaches 
of our planetary system since the Voyager explorations 
(of Uranus and Neptune in the late 1980 

Exploration is fandamental tothe human spirit. The 
promise of wonders unimagined from New Horizons 
has awakened public and media interest thats rarely 
seen in stience these days but is reminiscent of the 
carly days of space exploration. Some of this attention 
iso doubt because litle Pluto and its system of moons 
are distant enigmas; some because ofthe mysteries that 
‘beckon from the Kuiper Bet; und some because x dis: 
tant space voyage of pure exploration has not happened 
in go long-since the 1060-—and another isnot evea in 
the planning stage by any space agency. 

All of this presents an important opportunity to 
catalyze broader support for edueation in seience, teh 
nology, engineering, and mathematics (STEM) fields 


“This is a moment. 
passion for discovery that drives 
each of us to explore! 


lengage the public in informal science learning, mot- 
vate young people to pursue STEM careers, and ignite 
general exitement about the capacity to still make biz 
fiscoveries. Efforts by the New Horizons project to 
fedueate and encourage young people to pursue STEM 
fateers range from providing pre-colege lesson plans 
land hosting teacher workshops, to promoting a "Puto- 
Palooza” campaign at museums, science centers, plane 
tariums, and other facilities 
uring the Pluto flyby. It 
‘will be the fist planetary 
mission in NASA history 
to cary a scientific instr 
rent built by students 
Paleonteogist and Drexel 
University profesor Ken- 
eth Lacovara recently 
remarked (to A, Stem) of 
[New Horizons, "This is a 
moment for every scientist 
to be reminded of and to 
share the passion for dis 
‘covery that dries each of us 
to explore” Indoed, all who 
believe that “our borizons 
‘wll never be timited as long 
4s we continue to explore 
Should “spread. the word 
fshout New “Horizons By 
doing so, enthusiasm about 
the mission can be tran 
lated into supper for future 
8 projects that capture public 
imagination for doing ex 
Ploratory science across m= 
‘merous frontiers—from plumbing the ocean depths, to 
‘csamining the diversity within the buman mlcrobiome, 
to space missions involving humans and robots on fa 
sway worlds What ether projects within the next decade 
fan rise a level of excitement that spars waves of popt- 
lar interest inthe research enterprise and in research 
‘careers? There willbe many, we sor the seeds nov 
With sufficient public engagement in New Horizons 
and thins for more discoveries, New Horizons need 
rot he the last voyage of space discovery, but rather 
the first to explore the Kuiper Belt. But that wil take 
some effort. Excitement about exploration is infectious 
Let's point more attention tothe exploration that New 
Horizoos wil undertake in July and enlist some new 
supporters inthe thrill of scientific discovery. 
~ Marcia MeNutt and Alan Stern 


to share the 


Marcia MeNut is 
Eaitor-in- Chief of 
the Scice famity 
of journal 


Alan Stern is 
the principal 
investigator of 
the Nese Horizons 
tinsion and a 


‘ce prasident 
tthe Soutocest 
‘Research Institute 
Boulder, 0. 
E-mail alan 
bouldersoriedu 


Downloaded from www.sciencemag.org on July 10, 2015, 


Settlement amount, annaunced last week, of claims by the federal government 
‘an ive states agaietoilgiant BP forthe 2010 Gui of Mexico ol =p. 


Atleast one-half oI 


1 amount wil goto ecological restraten anc research 


Catastrophic floods caused by pollution 


Foodwaters sugig though Sichuan province 203 reduced deadly andes 


n just 5 days in July 2013, enough rain fell in China's Sichuan prov- 
ince to produce the country’s worst flooding in 50 years. Rivers 
burst their banks and poured through city streets, washing away 
homes, factories, and bridges. Some 200 people died and another 
300,000 were displaced. Atmospheric scientist Jiwen Fan of the 
Pacific Northwest National Laboratory in Richland, Washington, 

wondered what role air pollution played in the disaster. Smog is “no: 
torious” in Sichuan, Fan says; mountains surrounding the province 
trap emissions from big cities like Chongging and Chengdu. So Fan 
and her colleagues designed computer models of the atmospheric 
conditions before the flood. ‘They found that the contaminated air 
reduced sunlight reaching the basin, and instead trapped more heat 
higher up in the atmosphere. That led to altered atmospheric circula- 
tion patterns and redistributed precipitation: Instead of rain clouds 
forming aver the basin during the day, the rain fell at higher intensity 
the following night in the nearby mountains, they reported this 
month in Geophysical Research Letters. 


Report pans WHO Ebola response 
SENEVA,swirzentand | The Word 
Health Onantzation (WHO) banged ts 
‘aponse tthe Ebola eden in West 
[ie st er an ndapende sbemember 
panel writes nw report release om Jl 
The pou ley Dune Harbara Stocking 
the fermer chief rcutie of Oram in the 
United Kingdom, ay thre were “ie 
tant und urjustifate delay in WHO 
epoca ogre certo 
var unble to gin command over be 
Tat ofthe outbreak also crises 
{W110 mene states for unvaranted 
ttn on rel: The report sige 
‘bsnl nc te ta 
Tatton of Ca fo Eger 
Preparedness and Response yin WO, 
tnd sys counties menber fee hoa go 
Sy ipsam aplaeprt 


Earthquake lawsuits get the OK 


OkLAHOMA ciTy | Lawsuits fm Oklahoms 
gains il and gas companies accused of 
{nding earthquakes can go ahead, follow 
ing an Oklahoma Supreme Court decision 
‘80 June. The state has seen a drastic ise 
in small earthquakes in recent years, and 
scientific studies have linked them tothe 
Injection of wastewater from oil and sas 
operations. The court decision says that wo 
lawsuits, stemming from a magnitude-57 
‘earthquake in 2011 in Prague, Oklaboma, 
should proceed through the court system, 
Potentially making industry vulnerable to 
‘ase action lawsuits. Industry attorneys had 


etek: > 


(Oklboma hat seen arama ela smal ques 
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argued that the eges should be adjudicated 
bythe ORahoma Corporation Commission, 
the sate body tasked with regulating oil 
and gas operations 


Scouts seek EC science advisers 
succes | The European Commission has 
asked a trio of scout to belp fl the void 
Teftby the former chit scent adviser 
(CSA), roe the commission controversially 
removed when it ton office in November. 
"The scouts wl be tasked with nding scien 
tists fora soven-strong “high-lovel group" of 
advisers one of the key elements ofthe com 
missings new scence advice system. Tae 
trio onnsists of chemist David King, a former 
UK CSA; law professor Rianne Laschert 
‘ofthe International Victimology Insitute 
‘Tilburg in the Netherlands; and Antnio 
Vitorino, president ofthe Jacques Dears 
Institute, « European poi think tank. The 
‘commission aims tn have the group up and 
running by eatty October, a spokesperson 
sive ip/ecmag/ scouts 


McNutt tapped to lead NAS 


Geophysicst Marcia MeN. wi bas 
served as editor af the Science 
family of journals since 201, was nomi 
nated thie week to stand for election asthe 
next president ofthe National Academy 

(of Sciences (NAS). If elected, as expected, 
MeNut would become the fst woman 

to head the US. government’ premier 
science advisory organization, which was 
founded in 1863. MeNuttis sited to take 
the helm at NAS om 1 July 2016, wen 
current president Ralph J Cicerone ends 
his secand term, Pri to joining Science, 
MeNut was head ofthe US. Geological 
Survey, and was president and chief exect- 
tive officer ofthe Monterey Bay Aquarium 
Research Insitute She plans to remain at 
the helm ofthe Science journals until se 
formally takes the NAS past. 


Scientist jailed for faking data 


A former AIDS researcher at lowa State 
University in Ames was sentenced to more 
than 4.5 years in prison last week and 
‘ordered to repay more than $7 million to 
the US, Nationa Institutes of Health in 

a tate case ofa scientist receiving prison 
time for faking data. Dong-Pyou Han 

‘was found to have tampered with rab 

Int blond to alter the results ofan AIDS 
vvaceine study. In December 2019, Han 
agroed toa $-year ban on federal funding 
after an investigation by the US. Office 


Fate of U.S. red wolves uncertain 


S.Fishand Wildife Service (FS) is pondering the fate of 
{075 rect walves (Canis rufus pictured). ona Narth Ca 
pulatonleftin the wie, Red wolves were nearly hunted to extinction the 20th 
Century Bolgists established a captive breeding population and began releasing 
wolves in North Carotna in 1967 Although the ong term treats hybridization wt 

coyotes waves were also beng shot by coyote hunters, Alter a court ordered ban on 

‘coyote hunting. locas protested andthe No 

‘demanded that FWS recon 

il 


bse af s00s ard whether ti relly ac 


inct species 
Ssimasint the wl or the time being. Mtpi/scim.ag/_redwot 


won release any mare 


lof Research Integrity. But Han’ ease 


also caught the eye of Senator Charles | Three Q's 

Grassley (RA), who protested thatthe | Biblgicl oreanograpter Mark Abbott 
penalty seemed “very light”—and prox. | sve the next president and distor of 
cuore apparently agreed. Han pleaded | the Woods Hole Oceanographic Instiition 
frilly to tr felony counts ofmaking | (WHOI)in astachusets, Abbot dean 
false statements joining a ty number | ofthe College of Earth, Ocean, and 

oC US-based researchers sentenced wo | AmosperieSiences st Oregon State 
Prison for misconduct. ‘Univesity, Cova since 2001, takes 


\WHOTS helm amid choppy seas forthe 
‘ocean sciences: A National Research 
‘Council (NRC) report in January found 
‘thatthe tough budget climate wil 
necessitate significant spending ets to 
major ocean infrastructure such as the 
‘Ocean Observatories Initiative (OO!) 

in whieh WHOT plays a Tange role 
np//scimag/Abbot OL 


How will the NRC's report atfect WHOI? 
‘(The survey] di identify a real 
lilemma: What i the appropriate balance 
‘between community-supported ints 
structure and individual sucess? OOL 
‘suffered abit by not having the data out 
there, and asthe eommunity eins tose 
‘what itean achieve scientifically people 
‘wll be more positive Infrastructure with- 
‘out the seience isnot of mach use, 


(What challenges and opportunites does 
WHO face? 
‘A The biggest challenge is how we move 


sence forward in an era of tight federal 
‘budgets. [WHOT is] an organization driven 
by individual sucess. bu i's not just 

a collection of entrepreneurs. see 
‘opportunities to restrenggien links to 

the Navy, and to rethink and rebuild 
‘traditional relationships withthe National 
Science Foundation, NOAA, and others, 
[WHOTs} Center for Marine Koboties 
‘offers exciting opportunities to engage 
‘with the high-tech sector. 


ets autonomous sampling the future of 
ocean sience? 

‘A: [Physical oceanograper] Walter 

‘Munk [ealled) the fist century of modern 
eean science the century af undersam- 
pling. We ean' get out there enough 
‘Autonomous sensors and vehicles are 
going to play a key role. There is x revolu- 
tion underway. We ean start to think about 
sampling and understanding the ocean on 
the same scales at which we sample and 
‘understand the atmosphere 


‘Why The Joy of Life has lost its shine 


hen Henri Matisse's Le bonheur de vivre (The Joy of Lif, pietured) debutedin 
1805 ts shockingly bright colors—ncluding abundant amounts ofcadmium sl 

fide (Cd5)-ased yellow caused sti at Paris's Salon des Independents Butthe 
‘yvidcalorshave since faded. n2006, sient using portable xray rescence 
found CdS pigmentsinallthe regons ofthe pantrg with ating, alng ard other 


degradation effects. Now anew study n pled Physics A by scientists working a the 
European Syechrotionn Grenebie Face, digs deeper int the degradation mechanisms, 
The team tested tiny samples of damaged pant with technques incucng xray cifrac: 
tion, xray absorption spectroscopy xray fuorescenes and nared microscopy The 
culprit? Light The walernsoluble CS plement. they found. vunerabeto ightinduced 
‘dation that tums into water soluble—and coleriss—cadmium ulate, And many 
ther masterpieces aeatrskof facing, they note—the pigment was widey used by other 
Impressionist and Pest Impressions artists, neluing Vincent Van Gogh. 


UCAR head leaving post 


‘Thomas Bogdan, president of the 
University Corporation for Atmospheric 
Research (UCAR),a federally funded 
laboratory based in Houlder, Colorado, ix 
leaving the organization. Last woek, 
LUCAS Hoard of Trustees announced its 
intention to terminate Bogdan’ 5-year 
contract afer 3.5 years. UCAR drew 
criticism earlier this year when it lost a 
‘key weather forecasting contract with 
the US, Air Force, one ofthe m 
supporters ofits Weather Research and 
Forecasting (WRE) model. WRE, sup- 
ported through partnerships with 
‘organizations including the Air Force, 

the National Weather Service, and the 
[Navy isthe primary weather forecasting 
model in the United States fective in 
2016, the Air Force plans to instead adopt 
8 model ereated by the UK. Met Office 

to imprave forecasting abilities and 
Tower cons 


BY THENUMBERS 


‘The US. National nsttutes af Health 
plans to anayze genetic information 
fram 1 milion people fora study on 
individual genetic varia part ofthe 
Precision Medicine Intstve Arecent 


survey of 2501 peopl to help guide the 
study found the folowing: 


A% 


want thelr genetic 
results from the sty 
returned ta them 


3% 


are willing to have “their 
information and research resus 
‘valle onthe Internet 9 
‘anyone anonymized 


8% 


believe research participants 
should help decide what todo 
with study resus 


— 


Scientists dread Greek exit from the euro 


Deci 


ay Erik Stokstad 


tumaltaous week fas left Grek si. 
ets in an even greater state of un- 
fertainty about the future of research 
in their debtridéen countsy. On 
5 July, Grock voters rejected the terms 
ofa ballot purkage proposed by EU. 
negotintors. As Seience went to pres, banks 
‘were closed and the economy was grinding 
to a halt, but what the decisive "no" vote 
‘would-mean for the eounty's place in Ee 
rope as stil very unclear 
The scientific community’s greatest fear 
is a Grock departure from Europes com- 
‘mon eurreney, the euro, or even the Euro 
pean Union itself. The later ea particularly 
devastating prospect, many say, beeanse it 
‘would imper! EU funds and eolaborations 
that help keep Greek science alive 
"It would be a catastrophe for the next 
years and the next generations” says 
‘Nikolaos Surakakis, an applied mathema- 
tiean at the National Technical University 
ff Athens, “I fel horrible, Tim really wor 
ried about science? says Achilleas Mitsos, 
fan economist and science policy expert at 
the University ofthe Aegean, Mytilene, and 
former director-general for research at the 
European Commission, “But 'm worried 
about my country, more than anything else” 
‘Costas Fotis, Greve vice minister for 
research and innovation, sought to down 
play concerns in an interview with Selene 
before Sunday's referendum, ‘Tae Gree. 


government has no intention of leaving 
the common currency zone, Fotakis said 
and “even in the hypothetical ease that 
GGrecce decides to leave the eurozone, Grvsce 
will be able to apply for EU. grants as 
an EU member! 

‘Like most other people in Grocer, scien- 
sists have suffered under the austerty-driven 
cuts to government budgets— 


ive “no” to bailout could lead to a rupture with Europe and endanger key funding 


government has failed to provide funds for 
subscriptions. With the banks shut, BSC 
Fleming can't buy research supplis, says 
Savakis, who has asked the government far 
‘an exemption to unfreeze its accounts. "T's 
‘a dismal situation’ he says, Researchers at 
the Hellenic Centre for Marine Research 
(Hea in Anavysios postponed fld work 

‘because they were afraid they 


fand so. has their ability tn ‘wouldnt he able to withdraw 
‘work: University salaries have fenough cash for travel ex 
‘been eut ty more than 40% ia ‘penees that can't be paid by 


sce 2010, and research cen 


‘edit card "At the moment, 


ters have seen their govern: billion its planning for next week 


rent support slashed by more Teta expencitur 


monly? says ICMR iethyolo- 


than half Some centers have RED INGreecein 2012 et Maria Stoumboudl 


not received any government 


Sundays referendum could 


funding at al this year. portend greater hardships 
‘As a cesll, some institutes ‘The balou terms that Greck 
have a cash emunch, The Bo- x voters rejected set by the In 
medical Seiences Research temational Monetary Fund, 


‘Alexander Flem- percent the European Union, and the 


fing’ (HSRC Fleming) in Vari EU,.contrbuton toGreek Eumpean Central Bank were 


wes the electrical company PADS} 
£€120,000, largely for the en 
rgintensive animal cae faciity that ean 
house more than 15,000 mice, says the cen- 
ters director, Babs Sevakis, who has until 
the end ofthe month to pay the bill 

"The closure of Greek banks last week has 
faded tothe troubles, The government has 
elayed @ membership payment to CERN, 
for example, because of the bank closure, 
fand academe access to many international 
fnline journals was cut off because the 


svangin 2012 part of an offer that nn lon 


ser stands. Many observers 
viewed the vote instead as a referendum om 
‘whether Greece should stay in the euruzone 

‘A *Grest™for whieh there is no prec 
‘dent o even a legal pathway—could lead to 
financial chtos,a dificult transition hack to 
Greece's former curren, the drachma, and 
further government austerity. Wort, some 
experts have argued that Greece would have 
to leave the European Union aswell puting 
EU funding at sake 
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EU, money plays an important role ia 
Greece's modest science endeavor, accord: 
ing tothe commissions Joint Nesearch Cen 
ter the union paid for 15% of Greece's total 
RED spending in 2012, far more than is 9p 
cal fora country in the Europen Union. $o- 
called structural funds, aimed st developing 
Europe economically weaker regions, have 
provided the bull of stable support to re 
earch institutes in Greece (For BSRC Flen- 
ing, losing acess to structural funds could 
‘mean halting 60% ofits research and laying 
(fF 75 ofits 155 employees, Savakis says) 

Another large slice of Greece’ funding 
has come from Horizon 2020, a 7year EU. 
research funding program, and its predeces 
for, the Seventh Framework Programme, in 
‘which Greek researchers fared quite well 
“We are deeply integrated into the European 
system” says Nekarios Tivernarakis, direc- 
tor ofthe Institute of Molecular Biology and 
Biotechnology in Heraklion. "These links 
‘would be severed” 

‘Asa non-EU. member, Greece might have 
the option to buy into Horizon 2020 as an 
‘ascociated country” ax Norway, Turkey, I 
rael, and nine other countries have done 
But it would have to find the money some 
‘where. The commission declined to answer 
‘questions about the referendum’ potenti 
Impact on EU, funding for Greck research 
‘Soy; bat we won't enter into such speci- 
lations a spokesperson for the Directorate. 
(General for Researeh and Innovation sas 

Early this week, there was stil some hope 
that a nev deal could stave off a Grit. The 
surprise resignation on Monday of Greek F- 
hance Minister Yani Varoufakis, «thorn in 
the side of EU officials, "could be a signal 
thatthe Greek side is ready to make seri- 
‘ous proposals and accep the consequences” 
itso ays 

‘ven if Grosce leaves the eurozone, there 
ino reason it would have to lave the Euro 
pean Union and forgo Horizon 2020 grants 
and structural fonds, says Fotakis, the vice 
minister Buta return tothe drechma would 
‘make foreign supplies and equipment more 
fexpensive, he admits It would also exacer- 
bate the brain drain from Groese, says Peter 
‘Tindemans, «science policy expert and the 
seeretary general of Eurosciene, a lobby 
froup based in Strasbourg, Trance. “Tm 
prety sure i would be another push for 
Greek scientists to leave the counts” 

Fotakis ss he hopes to help the scen- 
tie community by euting bureaaracy, for 
‘example by simplifving rules forthe use of 
structural fends, He also envisions centers of 
fxeclence that will atract and retain young 
researchers-although money wil remain a 
problem. "How aa I ask for funda” Fotis 
says, when you have people sleping in the 
streets or digging in the rubbish?" 


Bumblebees aren’t keeping up 
with a warming planet 


Pollinators retreat from south, but don't move north 


iy Cally Carswell 


5 the climate changes, plants and 
animals are on the move, So fa, 
many are redistributing in a similar 
pattern: As habitat tht was once too 
old arms up, species are expand 
Ing their ranges toward the poles, 

‘whereas boundaries closer to the equator 

have remained more static. 

‘Bumblebees, however, appearto be a dis- 
turbing exception, according toa study on 
.i77ofthistssue. Acomprehensive look at 
‘dozens of species, i finds that many North 
American and European bumblebees are 
failing to “track” warming by colonizing 
nvr lnbitats north af their historic range. 
Simultaneously, they are disappearing 
from the southern portions of their range 

‘Climate change is crushing. (bumble- 
bee} species in a vice” says ecologist 
Jeremy Kerr ofthe University of Ottawa in 
‘Canada, the studs lead author. The find- 
Ings underseare the importance of eoaserv- 
{ng the habitat the insects currenty persist, 
in, says Rich Hatfield, a biologist with the 
Xerces Society for Insect Conservation in 
Portland, Oregon, who was not invoived in 
the study. Where bumblebees vanish, the 
wild plants and erops they pollinate could 
also suffer. 

"Ta soe how global climate change is 
fecting the bees, the researchers amassed a 


dataset consisting of some 428,000 obser 
‘ations, dating back to 1901, of 67 bumble 
bee species in North America and Europe. 
‘Then they mapped largescale changes in 
the species’ territories and in their “ther 
smal ranges"—the warmest and coolest 
places the bees live. They also built statis 
fal models to test whether any range sifts 
‘wore best explained by climate change, 
fr whether two other factors—changes in 
land caver and the use of pesticides such 
{6 neonicotinoids, whieh have been impli 
fated in smaller-scale bee declines—also 
played a key role. 

(Overall, they found that some bumble 
bees have retested as many as 200 kilo- 
meters from the southern edge of th 
historic ranges since 17k. ‘The musty 
patched fumblebee (Zombus afinis), for 
instance, has disappeared from parts of the 
southeastern United Statet, Southern spe 
clos are also retreating tohigher elevations, 
shifting upward by an average of about 
‘300 meters over the same time period 
Meanwhile, few species have expanded 
their northern territories. And it turned 
fut that climate change was the only fac 
tor that had a meaningfl impact on the 
large-scale range shifts, (Data on pest 
tide use were available only in the United 
States, howeves, and the study didnot ex 
amine whether populations were growing 
or shrinking) 


One clue to the importance of climate: 
Bumblebee ranges began shrinking "even 
Thefore the neonicotinoid pesticides came 
{nto playin the 180" says ecologist and co- 
author Alana Pindar, a postdoctoral fellow 
at the University of Guelph in Canada. She 
‘says the retreat ftom southern territories is 
“a huge lass for bumblebee dstibutinas 
and happened surprisingly quickly. The re- 
searchers believe the retreat~and the move 
to higher elevations—may reflect the fact 
‘that bumblehees evolved in eooler climates 
‘than many other insets that haven't yet lost 
aground, and so are especially sensitive to 
‘warming temperatures 

‘More mysterious is their failure to push 
north. “What we cin infer is that tem 
perature in the northern latitudes is not 
‘whats limiting their spread” says Ignasi 
Bartomeus, a researcher at Spain Estaciin 
Bioligca de Dofana in Seville, who was not 
{involved in the study. Diferences in daylight 
fr food could hamper a march north, or 
‘bumblehee poptlations may simply be toa 
slow-growing to quickly expand, Many bam 
bleboes form small colonies, Kerr explains, 
limiting their ability to spread quickly. 
Im contrast, species with high population 
row rates are “more likely tobe able to 
fstublish anew colony that represents & 
measurable difference in geographic range! 
He notes that one outlier in the study, the 
‘bufFailed bumblebee (Bombus terrestris), 
fone of Europes mast common species, is 
known for its reproductive sucess and has 
‘moved north. The species"is kind of ike the 
‘anadelion ofthe bumblebee world” hess, 

So far, says Bartomens, the most common 
‘bumblebee species seem to be the most re- 
silent. But "we have alot of losers” he eat 
tions, including species that have specialized 
habitat requirements And climate change 
could further strain species already strug- 
sing with dwindling habitat and other pres- 
ures, Ker say, "Were hitting these animals 
‘with everything” he says. "Theres no way 
you can nal a bee with neonicntinois,in- 
vasive pathogens, and climate change and 
‘come ot witha happy bee” 

"The loss of bee species could earry con- 
sequences for ecosystems and people. For 
instance, “plants that ike their pollinators 
to be pretty loyal” could see declines in re- 
production, says ecologist Laura Burkle of 
‘Montana Stato University, Bozeman. And 
riven that wild bees help pollinate many 
frops, "we play with these things at our 
peril? Kerr says. "The human enterprise is 
‘the top floor in a tealy big seafod. What 
‘were doing is reaching out and knocking 
‘out the supports” = 


(Catt Garewal sa frctance journalist in 
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WOMEN IN SCIENCE 


Plan to drop goals for women 
roils Japanese science 


Change stirs debate about how to remedy 
underrepresentation of women 


‘By Dennis Normile, in Tokyo 


span Prime Ministr Shins’ Abe re- 
peatodly has said be intends “to ere- 
ate a society in which women shine 
[Now female researchers are wonder- 
Ing if they are included in his vision 
Jnpanis top scienee advisory pane! 
hha issued a draft S-year national esearch 
plan that drops longstanding numerical 
targets for boosting the numberof women 
in scientific fils, sparking concerms aboot 
the nation’ commitment 
to reshaping the male 
dominated sector. 


at Nihon Univesity, Funabashi, near Tokyo, 
"Without numerical targets were afraid 
progress could sal,” she says. Last week, 
Chtsubo and several colleagues stared lob- 
tying CSTT and other government officals to 
tld targets and additional supportive mea- 
Sures tothe final plan, which is due by the 
end ofthe year and takes effect next April 
Japan continues to lag in recruiting 
svomien into ite academic and scientific 
‘workforee, especially at top research uni 
‘versities. Nagoya University leads the way, 
with women holding 
H.5% of all faculty por 
sitions as of May 203, 


‘The dnt, unvetea “Aargets have not had oiso and. kyoto uni 
on 28 May by Japan’s as much impact as we —wesities, considered Je 


(Counc for Ssience, Teh 


nology and Innovation Would Like.” 


pans top schools, were 
at 1% and 10.6%, re 


(CSTD, “has prompted Yuko Harayama, Canc spectively. The average 
debate over whether forSeience Technology and for Japan's 86 national 


the targets—which have | Invovaion 
‘een in place fr nearly a 

eeade—are the best way to foster change 
"Previous targets have not had as much sn- 
pact as we Would ike says Yuko Harsyama, 
8 politieal scientist and executive member of 
(CSTL “We need to analyze wis" But drop- 
ping the targets isnot the right response, 
‘5s Hisakn Ontsubo, a molecular biologist 


universities is a, ex 

luding teaching assis- 
tants, according to the Japan Association 
of National Universities (the student body 
[is about 30% femal). 

‘Those numbers are “are very low” com. 
pared with other developed countries 
says cancer biologist Michinari Hama: 
fpuchi, Nagoya University president from 


‘Stuck on the first rung 


inJapan, womenhave made up 2 growing percentage of ttl facuty members buta smaller 


Proportions beng promoted ofl roles 


rhs 
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2009 until this past March. Women are 
‘S6% of total faculty in the United tates, 
‘44% in the United Kingdom, 36% in Ger- 
many, and 29% in France, according to 
4 study by science policy experts Sotaro 
Shibayama of the University of Tolyo, 
land Aldo Geuna ofthe University of Turin 
in May 

‘Tohelp close the gap, since 2006 Japan's 
S.year plans for science and technology 
‘have included numerial goals for female 
reeruitment. The plan adopted in 2006, 
for instance, called for women to make wp 
25% of the researchers recruited into the 
‘overall seientific workforce by 2011. It lea 
sot goals for specific fields, including 30% 
in healt, $0% in agriewlure, 20% in the 
natural scienees, and 15% in engineering. 
‘The current plan, adopted in 2011, upped 
‘the overall recruitment goal to 30%. And 
{in 2013, the governments Gender Equality 
Bureat urged that the 30% goal apply t0 
university presidencies and other Ieader- 
ship positions, not just the rank and fle 
‘The target date is 2020, but sofa, Japan is 
not on track to meet these goals 

“The new draft plan, 
for the "years 2016 


had just one female professor and one fe- 
sale teaching assistant. Now, 18 ofthe de- 
partments 75 faculty members are women. 
"The university's affirmative actions led to 
‘a natural increase in women faculty” says 
Narie Stsaki, a molecular cell biologist 
‘who helped craft some ofthe initiatives. 
Hamaguchi and others worry that a lack 
of similar support elsewhere is contribut- 
Ing toa female brain drain. Women make 
‘up close 0 60% of the Japanese citizens 
‘working in Western countries ax students 
teachers, and researchers, ascording to a 
‘Ministry of Foreign Affairs survey. And a 
cedotes suggest that the overseas female 
Tapanese scientists are among the cream of 
the crop. Over the past decade, for instance, 
the Howard Hughes Modical Institute 
(HUM has awarded its prestigious grants 
to just three Japanese scientists working in 
the United States, and all are women 
"That might be a statitieal Puke, says 
fone ofthe HHME scholars, plant biologist 
{Keiko Tori of the University of Washing- 
ton in Seattle. But she thinks Japan does 
need “some strong government initiative 
‘to promote women in 
felence as well as help 


oop 200 dee op 5 them andthe oe 
cnr urges in ter “Without numerical jor. balance tales 
St snar unspecited fargets we're afraid sn carers” 


Strategies to advance 
‘women, That approace 


(CSTs Harayama, who 


progress could stall.” ests cate os the 


Slarme some advocates. Hsako Ohtsubo, hos Unversty faculty of Tohola Uni- 


Ontsubo, for one, say 
“numerical targets are definitely necessary" 
{or advancing women. She and a number of 
colleagues ae also pushing to expand other 
supportive measures. For example, earlier 
plans have eneouraged funding agencies 
{create grants for women who rejoin the 
‘workforce afer raising children and to re- 
lac age limits for young investigator grants, 
50 as not to disadvantage women who take 
timeout for maternity leave 

Advocates point to some institutions 
asa model. At Nagoya University, Hama- 
uchi ereated a scheme to reeruit one or 
thro promising female principal investi- 
ators each year without regard to their 
specialty puting them on track to fl fac 
‘ulty positions as older professors retire. A 
mentoring program encourages senior fo- 
male faculty to share tips with neweomers, 
and the university organizes leadership 
Seminars to prepare women for higher 
Positions It also keeps its day care cen 
ter open for particularly long hours, und 
helps provide eare for sick kids. The eenter 
feven sends taxis t piek up children from 
nearby schools 

Supporting women “had a snowball ef 
{ect Hamaguchi says. In 2006, for exum- 
ple, Nagoya's graduate biology department 


versity in Sendai, shares 
those concems. But she Worries that over 
‘emphtizng sumerical targets might lead to 
institutions simply Sling slots with women 
Without addressing the many other issues 
that can old them back. 

Harayama notes that ST is sponsoring 
studies examining how and why women 
choose certain eareer paths. One prelimi- 
nary result is that young women who ex- 
coli science are gravitating toward fields 
such as health care and teaching, which 
provide credentials—such as teaching eor- 
fifeates or medical licenses—that offer a 
passport hack into the workforce after 
time off raising children. "Young women 
fare being very pragmatic in choosing ca- 
eer paths, she says, 

arayama also suspects many women 
void leadership positions because they 
dont find the praspect of working within 
Japan’: maleslominated, opaque deision- 
{naking hierarchies very ttractive."We need 
‘changes inthe establishment” she says 

How the final plan might encourage 
those changes won't be clear until later 
this year. But Harayama predicts i will 
include "more concrete actions” to ereate 
fan academic community in which more 
‘women scientists ean shine. 


BIOMEDICINE 


Targeting 
copper to treat 
breast cancer 


Business obstacles threaten 
to delay the phase III trial 
of a copper-depleting drug 


iy Ken Garber 


1 2007, a woman facing an almost cer 
tain death sentence took a chance on 
1 drug that needed a second chance 
itself. The woman had stage IV breast, 
cancer that had spread to her liver. 
(Chemotherapy had eliminated her pri- 
‘mary tumor, and surgeons had removed 
the liver metastases, leaving her in a status 
called “no evidence of disease” (NED). But 
‘oncologists cannot eliminate microscopic 
distant metastaser—and thie woman had 
the “triple negative” subclass of breast 
cancer, which is particularly aggressive 
1nd prone to bouncing back Patients Ike 
hher usually relapse within a year, with 
death fllowing wits. 

So, as pat ofa 2-year clinical tral ofa 
‘vanced breast cancer patients, the woman 
began taking @ drug that mops up eopper, 
thought to play a role in tumor growth 
(Seience, 5 January 2010 . 331) The drug, 
tetrathiomolybdate (TM, had already 
failed a series af previous cancer clinical 
trials, but this new tral has since been ex- 
tended several times and there is still no 
‘ign of cancer in the woman after 8 years 

"The ful trial results are equally striking, 
‘as Weil Cornell Medical College (WCMC) 
‘ncology fellow Eleni Nackos reported last 
‘month atthe annual mesting ofthe Ameri- 
fan Society of Clinical Oncology (ASCO), 
At a median follow-up of nearly 5 years, 
62 other women inthe T-patient TM trial 
also had no detectable cancer. Among them 
‘vere 12 of the 15 other women with stage 
IV triple negative breast cancer, whose 
typical median survival is months, with 
‘NED status only a temporary reprieve. 

‘Though these are extremely small num- 
bbersand the study had no placebo arm, Uni- 
verity of Chicago oncologist Olufunmilayo 
(lopade says she was "blown away” by the 
data presented at ASCO. "What was 50 com 
pelling about this study was that they were 
looking {at} women who were at high risk 
srecurrence” she adds 


diate plans to test TM. 
in eancer patients, its 
CEO acknowledges, 
tnd for nove will not 
rublicense the drug. 
TM, easily synthe: 
sized in the lab, bas 
2 long history asa 
copper chelator—a 
fompound that binds 
tnd inactivates joni 
copper. In veterinary 
medicine, it cures 
copper poisoning in 
sheep, which ane very 
sensitive to copper 
in their food. Around 
1990, George Brewer, a 
University of Michigan 
POE (UN) physician and 
MIMBO ccocticist, boyan test- 
RAMEN nc THE is poopie with 
nee (ain inscoored a 
POON the concer con 
speacnger etn, tee 
ter work hy several 

research teams shoved 
Yet the promise of copper depletion ap- | that copper boosts angiogenesis, the ere- 
pears tarnished—not by clinical results | ation of new Blond vessels, which solid fi 
Inut by corporate strategy: WCMIC oncolo- | more need to grow-and metastasize. Brewer, 
sist Linda Vahdat, who led the trial, now | with colleagues at UM, gave TM to female 
wants to proceed with larger, phase | mice genetically engineered to develop 
I trial of TM for triple negative breast | breast tumors, None ofthe treated animale 
cancer, But the rights to treating cancer | became cancerous, whereas more than half 
‘with TM are held by a Swedish biotech | of control mice did, Under a microscope, 
company that is developing the drug in- | says Brewer, he could see dormant, pecan 
stead for Wilson disease, «rare inherited | cerous cells in the treated mice "ust siting 
Gisease of copper accumulation, The com- | there, ot growing because they couldn't 
pany, Wilson Therapeutics, has no imme- | develop a blood supply 


Cancer's copper connections 


fezens of human enzymes incorporate or utilize copper, taking advantage of 
‘the metals readiness to donate or accept electrons to catalyze key biehemical 
reactions, Tumors, however, maybe especially dependent on the metal 
Copper, for example, promotes angiogenesis, the growth of blood vessels 
that can feed an expanding tumor, and depleting it may keep cancer in 
‘heck (see main story, p. 128) Naney Hynes at the Friedrich Miescher Institute 
{in Basel, Switzerland also reported in 2014 in Seience Signaling that copper 
binds and activates the enzyme Memo, which enables tumor cells to move inde 
pendently and thus metastasize. And in 2018, a Dake University group reported. 
{m Nature that copper is required for signaling by the mutant RAF protein, 
Which drives half of melanomas and many other cancers. Duke has recently 
Tnunched a phase I clinical trial that combines an anticopper drug with a ERA 
fnhibtor in melanoma patients 
Yet another role for the metal emerged when Janine Erler atthe University of 
Copenhagen found that a copper-containing enzyme called Iysylcxidase-like 
creates a collagen scaffold for cancer cells to occupy as they spread In a clinical 
trial ofa copper chelator in beast eancer patients, the enzyme’ level fl. "All of 
‘hese miehtnisms might be at play” says pharmacologst Donita Brady of the Duke 
sroup, "And maybe what well ind is that particular eancer types are more suscep- 
‘Uhl to particular copper-dependent processes” —G, 


‘The mouse work led to a series off 
sman trials of TM in var 

cers, with disappointing results. Instead of 
fbindoning the drug, Brewer concluded 
that that copper depletion would be more 
fective against the microtumors that 
seed metastases, which differ biologically 
fom the primary tumor. He tried to coo 
Vince a biotech company, Attenuon, 10 
tse TM to prevent recurrence in cancer 
patients im remission, but the company 
Instead enrolled people with bulk tumors. 
These trials, 00, failed 

Meanwhile, aware of the UM mouse 
‘work and studies linking copper to angio 
fenesie and metastasis, Vabidat organized 
the current phase Il trial. Like Brewer, 
she concluded that the drug was best de 
ployed in people at risk of recurrence, and 
‘he raised money forthe small trial from 
private foundations and eancer nonprofits, 

At ASCO, Nackos reported thatthe drug 
reduced copper in patients’ blood by about 
buf, with fev serioas side effects. That 
‘may. have tiggered several antitumor 
‘mechanisms (See sidebar). For example 
TM treatment lowered the numberof bone 
marrow-derived, angiogenesis promoting 
cells in blood, probably because copper 
fb necded to activate growth factors ie 
portant to those cells. TM's “real value 
Js to prevent metastasis” Vabdat says 
"And that’s by changing the tumor micro 
fnvionment .. I's a totally diferent way 

"To mount phase I trial, Vahdat sought 
Wilson Therapetics’ version of TM. be 
‘ase itonly needs to be taken once a day 
Wilson will provide it at east, but the 
company will not fund the trial And 
Vahdats recent application for a $10 mil 
bon grant from # US. Department of De 
fense program devoted to breast cancer 
as tected, 

‘Wilson Therapeutics CEO Jonas Hansson 
says he has closely followed Vahdat’s phase 
IT trial, which he calls “promising” His 
‘company is now reviewing all the literature 
fon TM and cancer, “We are in the evalu 
tio plese? Hansson says “We just cant 
sive these rights [9 TM] away, beeause we 
furselves vant to understand i frst 

"The impasse with Wilson had left 
Vatulat increasingly frustrated. "They have 
laserikeforus on Wilsons disease, becatse 
that's what their investors have invested 
in? she says, "But they are interested in 
fancer, and 1 think ultimately whes the 
‘ming ie right for them, that they wil ole 
Sno I just that im veady and raring to 
sp right now" 


ns types af ea 


Ten Garber ira writer based in Ann 
“Arbor, Michigan 


Pluto caps one man’s odyssey 


NASA veteran Tom Krimigis has been on missions to 
all of the sun’s planets, and beyond 


ris, Aphrodite, Aris, Dias, Kronos, 
Ouranos, Poseidon, Pluton. Growing 
up near the beach on the Greek island 
of Chios, Stamatios “Tom” Krimigis 
‘would look for wandering planets in 
the night shy. "How eould 1 anticipate 
st the time that I would be one of huntan 
ity representatives [to those. bodies?” 
asks Krimigis, the former head of the space 
‘department at Johns Hopkins University’s 
‘Applied Physics Laboratory (APL) in Law 
rel, Maryland. On 14 July, when the New 
Horizons spacecraft swoops past Flat, he 
‘wll become the only person to have visited 
them al instrumentally speaking. "Ie the 
stuff dreams are made of 
The Pluto fyby will cap a remarkable 
half-century of planetary reconnaissance 
50 years to the day after Mariner 4 flew 
past Mars and returned the first image 
from another planet. Krimigis, an expert 
in planetary magnetosphere, had a hand 
in both missions, as well asin visits to all 
the other worlds in the solar system. “Ti 
ing is certainly eritical” says Ed Stone, the 
project scientist for Voyager, the grand 
turf the outer planets that accounted for 


‘half of Krmigis's tally. "He obviously had 
the right ideas to propore to NASA, time 
after time” 

Born in 196 in Groece,Krimigis came to 
‘the United States atthe age of 18 to enrll at 
the University of Minnesota, The launch of 
Sputnik in 1957 galvanized him, and many 
others of his generation, to sty physice 
land space science. After college, he went to 
‘the University of lowa to work for James Van 


Planetary pilgrim 


Decades of NASA spacecrafthave 
taken Keimigs's instruments ona 


Grand Touro the solr system, 
Marinera 1964 Mare 
Mariners 7 venus 
‘Vovauer opie 
MESSENGER 2004 Mere 


Allen, who had been principal investigator 
‘on Explorer 1—the United States frst satel 
lite, I detected thefts traces of the belts 
fof protons and electrons, trapped by Earths 
‘magnetic Geld that bear Van Allen's name. 
In 1963, Krimigis rocals, Van Allen asked 
him a question that vas to shape his career: 
"He eid, ‘How would you like to be a co- 
Investigator on the first mission to Mars?” 

‘Scientists wondered whether radiation 
bets like Earth existed around other plan 
ts Van Allen was principal investigator 
for Mariner 45 trapped-radiation detector, 
designed to answer that question for Mars 
‘The detectors were esentially Geiger coun 
ters, which detect the tiny jolts of fonizing 
radiation bat cannot distinguish between <= 
‘ays, protons, and electrons. Krimigis's job 
was toa solid-state detector that eld 
tell them apart by measuring the energy of 
Sncoming puriles, I nally got the thing 
working about a month before we launched 
he sas, 

When Mariner 4 ew past Mars 14 July 
1965, Krimigis and Van Allen watched fr 
ters ona stripehart recorder needle as their 
data came dow at 8.88 bits per second, The 
‘ede barely moved: There were no radia 
‘on belts at Mars. The fst picture was di 
pointing too, with none of the hoped-for 
‘anals of lor. "It lok like crater on the 
‘moan!" Krimigis remembers A few years 
later Van Allen and Kimigis sent a particle 
‘detector to Venus on Mariner 5; no radiation 
belts turned up there, either 

By the time of the payload selection for 
the twin Voyager spaceerat in the carly 
1970s, Krimigis stil focused on charged 
particles, was ready to compete agaist 
Van allen with an instrument proposal of 
his own. "The prodigal son was going up 
‘against hie mentor, and he had a whole team 
fof us young guys” says Louis Lanzerot, 
pace physics atthe New Jersey Institute of 
Technology in Newark, who joined Krimigis 
fom his winning Lonr Energy Charged Par 
tile (LECP) experiment, designed ta detect 
‘clei of elements heavier than hydrogen 
thelium, 

Jn 1979, when Voyager 1 and Voyager 
2 passod by Jupiter, Keimigis's detectors 
picked up sulfur and oxygen fons whipped 
‘ap hy the glant planet's powerfil magnetic 

us, Later, scientists discovered that these 
‘lements originated in the voleanoes on Jo 
piter's monn lo, The two probes west on to 
Saturn, where they found oxygen ions, fed 
by the watery geysers of the moan Enccls 
dus Then, Voyager 2 swung by Uranus and 
Neptune, and discovered simple belts of 
protons und electrons 

Krimigiss instruments also explored 
deep space. The LECP has a seanning mo 
tor that sweeps through a near circle and 
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measures particles from different diree- 
Hons. The motorstll working today after 
665 milion pivotshelped Voyage 1 scien- 
tists improvise measurements of the solar 
‘wind wien a dedicated instrament fled 

It took a while fr Krimigis to notch Mer- 
cury onto his planetary belt. He missed out 
fon the pasa for Mariner 10, which fee 
past Mercury twice in 107. Scientists an that 
mission claimed to find protons—perhaps a 
small radiation belt trapped by Mercury's 
‘magnetic field But in 201, APL MESSEN- 
GER miesion arrived at Mercury with an 
innovative particle detector Krimigis ad 
helped design, able to detrmine the charge 
and speed of incoming ions with unpre 
fedented precision. It found no protons, onty 
hortived belts of electrons thatthe eariay 
sun powerful magnetic feld disrupts 
most as soon asthe form, 

‘Now, finally, comet Pluto vist by Nev 
Horizons, a mission that Krimigis helped 
usher into existence while space depart- 
ment bead at APL. He recruited its prin- 
‘Spal investigator, Alan Stern (Scienr, 
26 June, p. 1818), and lobbied Congress to 
‘keep the mission afloat in the esrly 2000s 
‘The charged-paricle detector on New Ho- 
rizons, PEPSS, is a descendant of the one 
flown on MESSENGER. Plato has a thin, 
‘wispy atmosphere and probably lacks a 
magnet fed, so Krimigis isn't expecting 
to find much more than afew stray protons 
and electrons. But hes prepared tobe sur- 
prised: "I's not what you think you're going 
tw find, but the things you don't expect” he 
says. The New Horizons encounter wail re- 
turn 5000 times as much data as Mariner 4 
id at Mars, Stern says 

‘Norman Ness veteran of 21 NASA mis- 
sions and an emeritus researcher a the Uni 
versity of Delaware in Newark, has neatly 
as many trophies as Krimigi. In addition to 
leading a magnetic experiment on Voyager 
(@ehich netted him the giant planets), he was 
principal investigator on Mariner 10, which 
flew past Venus on its way to Mercury, and a 
‘o-nvestgatoron the Mars Global Surveyor. 
But Ness says he doesn't put much stock in 
the tallies "I have never looked upon that as 
A metric to worry about he says 

‘In any case, Krimigis ist done yet. He's 
‘waiting for the telltale signs that Voyager 2 
‘nus lef the solar system, as Voyage tdi in 
2012, and is preparing for his nest projet: 
‘tum inward tard the un He is a eo- 
investigator for an ion-measuring instru- 
ment on Solar Probe Plus, scheduled to 
‘auneh in 2018 and fy within the sun's wispy 
scorching atmosphere, the corona. Krimigis 
‘has been involved in planning the mission 
since the late 1970s. "My lifelong dream proj- 
‘ct had always been the solar probe” hess 
es the fist mission toa sac” 


SCIENCE POLICY 


US. to review agricultural 
biotech regulations 


New gene-editing methods challenge old framework 


‘iy Key Serviek 


he White House is ready to modernize 
the rules that govern inventions in ag- 
‘cultural biotechnology; it announced 
last week. The multivear review pro- 
fess should clarify the roles of the 
agencies now involved in determining 
the safety of genetically altred plants and 
animals: the Food and Drug Administration 
(FDA), the US. Department of Agriculture 
(USDA, snd the Environmental Protection 
‘Agency (EPA). Another goal: to update the 
regulatory process in light of precise gene- 
editing methods, suchas CRISPR, which may 
fot require the sume review as tditional 
senetic enginering 
‘Many researchers and entreprencure 
‘who have struggled to navigate the cur 
ent system welcome 
the planned review 
Ws Tong overdue, 
certainly” says. Peggy 
Leman, «plant bilo~ 
fist at the University 
ff California, Berke 
ley. Uncertainty about 
safety and. regulatory 
requirements has kept 
‘many academics and 
small companies from 
developing new prod 


‘Meanshile, commercially sold house 
plants that glow thanks to a freny gene 
‘weren't reviewed by either EPA or USDA, in 
par because their modification didn't rely 
fn agrobacterium—a plant pathogen that 
‘yas the warkhions of gene transfer when the 
rules were developed. Tat lack of regulation 
“raised a lot of eyebrows” Kuiken say. “It 
just seemed that there was no one in charge” 
‘The new White House iniitive ereater 

1 working group of officials from the three 
agencies to help clarify who isin charge of 
‘given product. Within a year, that group 
‘wll update the current regulatory frame- 
‘work and develop a longterm strategy 
to ensure agency evaluations use sound 
science, How, or even whethes, to review 
products created by CRISPR and similar 
methods is Hkely t0 be a high-profile is 
‘ue. Rather than intro 

ducing whole genes 
at multiple, unpre 
‘ictable Toestions, a8 
farlier” methods "do, 
these new techniques 
fan change precise 
points in the genome, 
Which some argue re 
duces safety concerns. 
There such a Tange 
cof modifications. that 
you can create” save 


wets she says Camera ih carrying fucescentgenes Daniel Voytas, a mo 
‘The federal frame wercommecated witoit ideal tevin, lecular geneticist at 


‘work for reviewing 
agricultural biotech products was laid out 
in 1986 and updated in 19922 years be- 
fore the slow-ripening Favr Sevr tomato 
became the fist genetically modified (GM) 
food to hit the market Since then, new 
sene-modlfication strategies have emerged, 
Temaux says. “People in 1986 and 1992 
didn't have a clue that anything like gene 
editing would happen 

‘The outdated framework has resulted in 
some puzzling regulatory paths, says Todd 
Kuiken, ofthe Synthetic Biology Project at 
the Woodrow Wilson International Center 
for Scholars, a Washington, D.C-based 
think tank. For example, a GM sterile mos- 
aquito developed by Oxitec to reduce the 
spread of dengue fever qualifies as an ani- 
smal drug, and is currently under review at 
FDAs Center for Veterinary Medicine. 


the University of Min 
esata, Tin Cities, and chief scientific of 
Ser at the agricultural biotech Calyst. 

USDA determined that Calyx pota- 
toes and soybeans, engineered for longer 
storage and healthier oil using a CRISPR 
alternative called TALENs, fall outside its 
authority for GM plants. But Voytas hopes 
the White House review ill provide clarity 
on other gene-editing efforts. He wonders, 
for exumple, whether editing the genome 
of «cultivated plant soit has the gene vari- 
fant ofa wild reletivemimicking the result, 
af traditional plant breeding—would re- 
aquire USDA review 

Another responsibility of the new work 
ing group: developing a plan for periodic 
“horizon-scanning” to detect new biotech 
breakthroughs long before they reach a 
regulator’ desk 


DEEP SLEEP 


Boreholes drilled into Earth’s crust 
get a fresh look for nuclear waste disposal 


By Warren Cornwall 


re of the worlds biggest radio 
tetive headaches sits in an aging 
‘anderblock building in the des 
fert near Hanford, Washington, at 
the bottom ofa poo of water that 
lowe with an eerie blue light. The 
early 2000 halfmetertong steel 
cndess are fled with highiy re 
fioactve cesium and strontium, 
Jeftver from making plutonium for nuclear 
‘weapons. The waste has been described as 
the mest lethal single source of radiation in 
the United Sttes after the 


doned it. Over the past 5 years, however, as 
improved drilling technologies converged 
‘with the politcal and technical woes be- 
oviling other nuclear waste. solutions, 
boreholes have regained their allure. DOE 
‘has gone from spending almost nothing on 
borehole research to planning a fullscale 
Feld test, costing atleast $80 million. And 
catlier this year US. Energy Secretary Er- 
nest Moniz gave boreholes & dash of pub- 
city during # major speeeh, mentioning 
them as a promising way to deal with the 

‘cesium and strontiam waste 


Corvofamactvw nucle reas, Ss ous enter’ site nu 


tor It could ease a catastro lear comples 
pie ifthe pool ere breached —_U-S. high-level Borcholes have “been plan 
by an unexpectedly severe MUCIear Waste —— and just ase th but for 


earthquake, according tothe 
US. Department of Energy 
(DOE, the wastes owner 
For decades, the federal 
government has been foun 
fering over what to do with 
the cinders. They're too 


years” says nuclear engineer 
‘Michael Driscoll, retired 
professar frum the Massi- 
‘hosts Institute of Techno 
ogy (MIT) in Cambridge and 
fone of the concepts leading 
fdvorates. "Maybe now is 


hot to be easly housed with the time: 
‘other waste, And the govern: Many nuclear waste vet- 
ment quest to create a sit D rans, however, are skepti- 


le pernanest burial round metric fons ofmitary eal The technical challenges 
for all the nations highdevel wastesiored tvesites gre daunting, they argue, 


nuclear waste, fom both mi 
try and ein activities, isin disarray (see 
sidebar p. 15). 

‘Now a deceptively simple-sounding so 
Tution is emerging: Stick the eyinders in a 
very deep hole. The approach, Known as 
deep borchole disposal, involves punching 
fa-K-centimeter vide hole § klometers ita 
thard rock in Earth crust. Engineers would 
then fil dhe deepest 2 kilometers with waste 
canister, plug up the ret with conerete and 
‘lay ad Weave the waste to quietly dea 

The idea has been around for decades, 
but not long ago scientists had all but aban 


land horeholes won't end por 
tial opposition to building new nuclear 
‘vaste facilities, "The borehole thing to me 
isa red herring” says attorney Geoff Fettus 
of the Natural Resources Defense Council 
(NRDO) in Washington, DC, whieh sup- 
ports underground disposal ina shallower 
imine, but has sued DOE ver now aban- 
ddoned plans to bury the waste inside Ne- 
vadals Yucea Mountain, 

Stil even some doubters say that given 
the current deadlock over nuclear waste 
Dboreholes deserve a second look, atleast 
{for those troublesome evlinders at Hanford 


‘ar we can move forward with dispasing of 
some ofthe DOE waste, thats a good thing” 
says geoscientist Allison Macfarlane, dire 
tor of the Center for International Science 
snd Technology Policy at George Washing 
ton University in Washington, DC, and a 
former chair ofthe US. Nuclear Regulatory 
(Commission. "We have to make some prog 
ress somewhere” 


IONEPERSON deserves credit for helping 
revive US, borehole researc, is Driscoll, the 
retired MIT engineer. Now 80, be has spent 
‘more than 25 years quiet exploring the po- 
tential for depositing radioactive wasted 
in granite bedrock 

Driscoll wasn't the first to pursue the 
{dea since the 1950s, boreholes have vied 
with other nuclear waste disposal options, 
‘anging from the improbable (shoot it nto 
‘outer space or melt i into an ice sheet) to 
the mundane (sash it in a shallow mine). 
Ironically by the time Driscoll got interested 
{in boreholes, US, policymakers tought they 
faa setled the issue. In 1957, after years of 
Serce debate, Congress approved legislation 
creating a national repository for high-fevel 
‘clear waste im 4 mine carved into Yucca 
Mountain, roughly 110 kilometers north 
west of Las Vegas, Nevada. With that dec 
sion, US. funding for borehole research 
largely evaporated 

Driscoll wasnt deterred. Borcholes, he 
‘ought, had some potential advantages ver 
singe bg facile For example, they could 
read the burden of storing waste that no 
fe wanted, Because stale rok is found 
eros the United State. So even as eng 
‘neers began to plan the Yucea Mountain re- 
Pasitory, Driscoll and a handfl of graduate 
Students kept churaing out papers delving 
{nto borehole costs and technical feeb 

1m one seenario they explored, spent fuel 
rods are placed in slender canisters thit 
fare strung together like sausige links, then 
lowered into the hole. Even very radio- 
etive material would be safe, advocates 
Say, if placed inthe right kindof deep rock: 
fncient crystalline granite with few cracks 
‘hat might allow radioactive materials toseep 
Ino groundwater or reach the surfsce. The 
surrounding roek and the salty water would 
dissipate heat generated by the waste. And 
the top 3 klometers of each hole would be 
plugged with a layer eake of cement, gravel, 
fd bentonite clay, which swells when wet. 
‘Toe nations entire cathe of highevel waste 
ould fi itn 700 to 950 boreholes, at cast 
of $40 milion per hole (not counting tran 
portation), aceoming to recent estimates by 
fientists at DOEs Sandia National Labo- 
ratories in Albuquerque, New Meio, who 
thave worked with Drisol, 

Boreholes got their first big break in 2000 


‘when the Obama administration announced 
‘that it vas abandoning Yucea Mountain af 
ter years of delays and resistance from state 
politicians. The government began looking 
{or other options. Tat year, Sandia made its 
fot big investment: $734,000 to study how 
Ai and radioactive particles might behave 
ina borehole, and how best to sea it in 2012, 
4 presidential commission added its recom. 
mendation for more studies 

‘Soon after, Moniz became energy sere 
tary. Moni, a former colleague of Driseolls 
at MIT, had already heard his sales pitch 
aout boreholes, In 2008, the tw men served 
Awgether on a study panel that endorsed 
“aggressively” studying the technology. 

“This past Maret, White House policy 
shin opened the door further. Moniz an- 
nounced that the Obama administration 
‘would abandon previous plans to. put 
All high-level waste in one spot and in- 
stead would seek separate sites for dispos- 
Ing of commercial nuclear wasteabout 
‘85 of the total—and military waste, Moniz 
called some ofthe defense ware, including 
Hanford’ radioactive cylinders, “ideal ean 
idates for deep borchole disposal 


(CESIUM? AND STHONTIUMH0 are the 
‘hot potatoes of the nuclear waste world, 
packing a powerful radioactive punch in 
4 relatively short halG-life of 30 years. At 
Hanford, theres barely enough to fl the 


back ofa pickup truck Yet it contains mare 
than 100 milion cures of radiation, roughly 
‘one-tenth the radiation inthe core ofa large 
‘nuclear reactor. And it produces enough 
hat to power more than 200 homes 

"To prevent the tubes from causing trou- 
ble, they sit under about 4 meters of water 
in what resembles a gant swimming pool 
emanating a blue glow known as Cheren- 
‘oy radiation as high-energy particles slam 
into the water. The 1974 building housing 
‘the poo is past its 30-year life span, aecord- 
ing to DOE's inspector general. Bombarded 
by radiation, the pool's concrete walls are 
significantly weakened in places. Some of 
the tabes have failed and been stuck inside 
larger containers. Ina review of DOE. fa- 
cilities conducted after the 2011 disaster at 
Japanis Fukushima Daiichi Nuclear Power 
Station, the department’ Office of Envi- 
ronmental Management concluded thatthe 
Hanford poo! had the highest risk of eata- 
strophie fale of any DOE facility, for ex- 
ample in a massive earthquake, according 
toa report from the departments inspector 
general. DOE says it plans to move the poot 
‘waste into dry casks for safer storage, but it 
Innit sid when. 

“Its an urgent situation and a huge safety 
risk” says Tom Carpenter, exeutive director 
‘ofthe watchdog group Hanford Challenge in 
Seattle, Washington, which has been critical 
‘of DOES efforts tn secure the waste 


Borehole advocates point out that the 
Hanford tubes ae less than 7 centimeters 
In dlamete, narrow enough to fit down a 
fle without extensive repackaging. All 
could it into a singe shaft Other military 
‘waste could also go down a borchole, a 
‘ocater add. One candidate is plutonium 
that DOE has extracted from dismantled 
nuclear weapons. Most af it is currently 
Stored as softhall-szed metal spheres ata 
DOE facility in Texas. In eontrast to Ham 
fords cesium and strontium, the plutonium 
{s fini cool but extremely longlived, with 
halflife of 4,000 years. DOE is consider 
Ing other options forthe plutonium, inelud- 
Ing turning it into fuel for nuclear reactors 
fr combining it with other nuclear waste 
‘and burying i. But boreholes could be an 
effective way to put it far out ofthe reach of 
anyone trying to lay their hands on bom 
‘making material 

Yet borchole disposal is not as straight 
forward as it might seem. The Nuclear Waste 
‘Technical Review Board, an independent 
panel that advises DOE, notes a itany of po- 
tential problems: No one has drilled holes 
this big klometes into solid reek. Ifa hole 
{sn smooth and straight, liner could be 
‘had to install, and vaste containers could 
st stuck. I tricky to see laws like fractures 
Snack 5 ilometers down. Once wast is r= 
Jed, t would be hard to got it bark (an option 
federal regulations now requir). And meth- 


‘Arocky tomb 
for the most 
dangerous waste 
Borehoes envisioned 
for olin ah 
radoctve waste 
would bear deeper 
than proposed or 
fusing underground 
Sieposal. inane 

son waste 
Cnisters would i 
inthelowestpartot 
theble (rat. nel). 
Theunper3kio 
motes woul be 
sled th ayers 
of ay rocks, an 
cement 


ds for plugging the holes haven't been suf 
‘ently tested. “These are ll petty daunting 
technical challenges” says the board’ chat, 
seologist Rod Ewing, of Stanford University 
in Pao Ato, California. 

‘Even if thse technial problems are sur- 
‘mounted, boreholes might solve only a frac 
tion of the nation’s waste problem. That's 
because much ofthe high-level waste simply 
‘wouldnt fit dow a hole without extensive 
repackaging, "Due to the physical dimen 
Sons of much ofthe used ticles fue, is 
not presently considered to be as good of 
4 candidate (for borehole disposal} as the 
smaller waste forms” said Wiliam Hoyle, 
Sirector nf DOE® Office of Used Nuclear 
Fuel Disposition Research and Develop- 
rent, in a statement to Science. Spent fuel 
rods from commercial power reactors, for 
instance, ae often bundled into casks that 
are about 2 meters across. 

‘Then there the same problem that 
ogged Yucca Mountain: the politics of 
finulng a place to dill the holes "Let's just 
assume (boreholes) could work better than 
anybody ever imagined” says Fettus, the 
[RDC attorney. "You stil woulda solve the 
nut that everyone has been unable to lve 
persuading state and local governments to 
fake on waste fom across the mation 


DESPITE THESE CHALLENGES, Sandi 
scientists are moving forward with a 5-year 
plan to drill one or more 5-klometer-deep 
horeholes Pat trady, a Sandia geochemict 
‘helping plan the tess, is optimistic. "There's 
lo of institutional experience with driling 
hols in the ground he says 

The drilling technology is better than 
ever, he says. Drillers have gained valuable 
‘experience boring deep holes into hard rock 
for geothermal energy, and improved rigs 
an more easily and accurately dill deep 
stright oles. The Sandi team is currently 
looking for a US. ste for the first test hoe, 
‘with 2 plan to start dilingin the fal of 2006. 

Besides soving if they can castetfectvely 
‘ri hole that's deep and wie enough, they 
falso want to test methods for determining 
‘whether the rock is solid and whether any 
water near the bottom of the hole is on 
nected to shallow groundwater. Then they 
tell lower @ mode warte canister down the 
hole tose fit gets stuck. 

‘Other nations with nuclear waste, includ 
ing China, are watching: Bu, for now. the 
United States is the only country geting 
ready to dil. “Nobody else bas stepped for 
‘ward says Geoff Freese,» nuclear engineer 
at Sandia who is overscing the US. experi 
ment. "Tekind of fell tous" 


Warren Cornwall isa fretance journalist 
in Bltingham, Washington. 


Rolling out a welcome mat for waste 


‘By Warven Cornveall 


ive years ago, the United States abandoned its decades-long effort to find 
' permanent home fr its growing cache of high-level nuclear waste. That 
‘pened the way for altemative schemes sch as burying some waste in deep 
boreholes (see main story p. 182). And, in a surprising twist the move has 
Juche a bidding war between landlords eager to house the waste, 

In recent months, communities in the pan-flat desert where New Mexicls 
southeast comer pokes aginst Teas have declared their desire to temporarily stare 
Spent fuel from nuclear power plants. Long known for il derricks and eatle dives, 
the region “is remote, ts dry, and it has people who are willing to consider some- 
‘thing people in other part of the country arent willing to consider” says Bill Jones, 
fan attorney in Austin anda founder of AFC Texas, one of at least tre companies 
angling to stew new waste fcity in the area, 

Facing stiff opposition from Nevada politicians and others, President Barack 
(Obama announced in 2010 that his administation wae abaawioning a plan to bla 

‘single wepasitory deep beneath 
the states Vacca Mountain, Now 
SIR GRE fecertottcials are consicering 
Eerreeed) | cscaing a temporary storage 
site fr commercial wate (about 
EEE 5% of the total, wile hunting 
{or separate permanent disposal 
sites formiitary and eommer- 
‘al waste. They are focusing on 
‘working with states and com- 
‘munities that, unbke Nevada, 
actually wont the waste 

‘The desert borderiand ie 
already a hotbed of nuclear 
entrepreneurship. The New 
‘Meco side hast the fed 
eral Waste Isolation Pilot Plant near Carlsbad, which started taking lower level 
‘wasto—mostly plutenium-contaminated clothes and tools—in 1999. (It has been 
temporarily closed since 2014 as the result of a container leak) Not fr away is 2 
Silo factory that enriches uranium for nuclear power plants, opened in 2010, 
by an arm of Urenco, a UK-based company. In nearby Texas isthe country's largest 
private nuclear waste dump, opened in 2012 by the Dallas-based company Waste 
Contra Specialists (WCS). The spravling 4400-bectare compound takes low-level, 
‘commercial waste from Texas and #4 other states 

‘Naw; there a cross-border dul aver geting some of the country’ 70,000 metric 
tons of spent nuclear fuel This past February, WCS announced that itis scking a 
license ftom the US, Nuclear Regulatory Commission to temporarily house appras: 
‘mately half the current stock In Apri an alliance of local governments in New 
‘Mesieos Edy and Lea counties unveled a competing plan, 

‘Both propnsals have won endorsements from key state politclans. But not every= 
‘one ike the ides. New Mexies to US. senators, for instance, sty they wont back 
‘temporary storage site until the federal government has a plan for disposing of tne 
‘waste for good, And environmentaliss warn of being permanently saddled, "Since 
there's no [permanent] disposal st, interim eould essentially be forever says Don 
Hancock, director ofthe nuclear waste program atthe Sonthwest Research and 
Information Center, a nonprofit based in Albuquerque, New Merico, 

“Meanwhile, some in Congress want to restart the Yucea Mountain projec in 
‘Nevada, encouraged in part by the impending retirement of Senator Harry Reid 
(D-NV), long a powerful and implacable foe. But definitive action on Yucea 
“Mountain, or anyother permanent burial site, cal be years eva, Meanie, owen 
fn the Texas-New Mexico border, WCS syst could start taking spent fuel by 2020.1 
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150 years of Maxwell’s equations 


Powerful tools are available for the manipulation of electromagnetic field 


page 499 of his 1865 paper (1) 
James Clerk Maxwell wrote, “The 
tgreement of the results seems to 
Show that light and magnetism are 
affections of the same substance, and 
that light isan electromagnetic die 

turbance propagated through the feld ac 

cording to eletromagneti laws” With that 
knowledge, he changed the world fever 

In the span of 150 years since his elebrated 

Per, mamerous seientifi discoveries and 

technological innovations have originated 

from Maxwells equations. Electromagnetic 
and optical waves ean be manipulate, ta 

Tored, and controlled by means of mater: 

as, und consequently, during the past one 

and a half centuries, materials science and 

‘engineering has always played the key roles 


in taming these waves for the purpose of 
inventing new functional devices. Etry ex- 
famples include radio-frequency ante 
and mirrors, microwave waveguides, 
optical fibers, and telegraph transmission 
to name just a feve Recent develop- 
ments in nanoseience and nanotechnology 
materials scence and technology, and con- 
‘dense matter physics has made it possible 
to conceive materials and structures with 
stomicevel controllability and with un 
precedented properties not otherwise pre 
fent in naturally avaiable materials. These 
developments have opened doors to numer- 
‘ous opportunities to shape and seu light 
ft the nano, mi 
sired fasion, 
‘Usering photons ina desired path 1e- 
quires the desig of structures with proper 
inhomogeneity in material parameters 


and mesoscales in a 


sach as permittivity andr permeability. A 
food example of such photon trafic con 
trol ean be achieved with defects within 
photonic erytals (2), where periadie 

ff permittivity variations with photonie 
‘band gaps analogous to the electronic band 
structures for electrons, provide path f 

light to propagate (se the figure, panel A). 
Although bending light has been tradition 
ally done by reflection and refraction o 
rays through surfaces based on Snell’ law 
the advent of metamaterials and metasur 
faces is now supplying us with transforms 
law (4,5) for talloring fields at subwave 
length scales, opening up possibilities f 
‘acting scenarios such as cloaking, light 
concentration, optical usion, and flat 
[hotonies, Another paradigm for manipo 
lation of light atthe nanoscale is achieved 


and generalization of Snell 


on July 10, 2015, 


Downloaded from 


by optieal motatronics (6, in which deeply 
subwavelength structures function as 
lumped” optical circuit elements (analo- 
gous to the resistor, inductor, and eapaci- 
tor elements in electronics). This unifying 
circuit paradigm furnishes “common ak 
‘Mhabets” between electronics and photon- 
Jes, allowing transfer of ideas and designs 
between these two fields. Collections of 
‘nanopartices, when property designed and 
suitably juxtaposed, form optical nanc- 
circuits with unprecedented capability of 
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as new platforms for manipulating Hight 
“Another extreme scenario is highly confined 
‘concentration of light using. plasmonic 
fhanoantennas (1). Antennas, whieh have 
‘been traditionally used to convert the con- 
‘ined electromagnetic energy in subwave- 
length regions into the far-field radiation, 
hhave been instrumental in the develop” 
tment of numerous fields, such as wireless 
‘communications and satelite technology. 
‘Shrinking conventional radio frequency an- 
tennas into the nanophotonics arena raises 


For example, two waveguides linked by 
1 nearzeroefftetive-index junction would 
‘operate as though they were connected di- 
rectly to each other (soe the figure, panel 
(©) This may have important implication in 
‘oth classical and quantum optics, in which 
the distance between two paints (two ob- 
servers, two emitters, or an observer and an 
‘emlter), although they may be physically 
far apart, would behave a if they were close 
together. This effet wil present interesting 
possibilities for long-range collective emis- 


waves. (A) Photon eta as pation phon ate contol (Opt abo, e2ealecton ofnaasrucres 


wi propery sets shapes, soe ad mater. 2 ied cut lmao manulting ad pacsing optical ean waves at subvelengthseals (0) Estee 
‘netanatrls ih ner-sea ce react de prong spt nt pase abountedregon space at rons a ecronapreti pt” omen 


twodstar ports 2), 


information processing at subwavelength 
regions (see the figure, panel 8). One can 
then envision designing materials that 
‘uilor light-matter interaction in order to 
perform optical signal processing at the 
nanoscale, eg, performing mathematical 
‘operations suc as differentiation and inte- 
ration as light passes through such mate- 
Flals and structures (7) Perhaps the notion 
‘of doing math with ight in materials might 
also be extended to solving equations with 
light if properly designed nanostructures 
could be used. 

‘The ability to synthesize materials with 
sired. parameters now offers opporti- 
nites to take manipulating the Maxwell 
‘equations to the “extreme” For example, 
{tro-dimensional materials suchas the gr 
‘hene have brought previously unimagina- 
ble possibilities to photonics. 

"The propagation of highly confined eloe- 
tromagnetic surface waves in the form of, 
surface plasmon polaitons along the gra- 
hene sheet has been demonstrated (8,9), 
‘hich makes it possible to envision opti 
fal devices just one atom thick Other Tow 
‘mensional materials soch as hexagonal 
boron nitride (MBN) and molybdenum di- 
sulfide (MoS) are also attracting attention 
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the possitility of using suitably designed 
‘metalic nanostructures to concentrate ight 
in deeply subwavelength volumes with high 
‘old intensity: This has opened new fron- 
tiers in detection, sensing, and emission 
‘control, such as” nannantenna-enhanced 
‘surface-enhanced Raman spectroscopy, and 
‘engineering spontancous emission of quan- 
tum dots (0. 

“Adding nonreiprocty to the optics of 
nanoantennas by using magnetized mag- 
‘neto-otical materials results in phenomena 
‘such as near-field optical energy rotation 
“These effects would he enhanced due to the 
plasmonic resonance of such nanoantennas 
tnd the high intensity of optical Golds in 
their viinty. This ean be a basis for nonre- 
‘iprocal optical devices, such as circulators, 
ft the nanoscale, Asa final example of ex. 
‘treme manipulation of waves, metamaterials 
‘with effcetive parameters near zero bring an 
‘entirely new set of mechanisms fo tailoring 
‘els and waves (12) As relative permittivity 
andjor relative permeability attain near-200 
‘aloes in a properly designed metamaterial, 
the effective reactive index approaches 
200, causing the effective wavelength to be- 
‘come very large fr the operating fequenc. 
‘Therefore, the phase of steady-state signals 
‘within such a structure is spatially uniform, 
“implying that the strcture appears to be 
subwavelength electromagnetialy regard 
Tess ofits shape and size 


sion, quantum entanglement, and cavity 
‘quantum electrodynamics, invelving. such 

James Clerk Maxwell could not have 
{imagined that 150 years later his predicted 
clectromagnetie waves would be manipu- 
lated in numerous manners due to devel 
‘opments in science and technology. One 
‘would wonder where our world wold have 
been without his ingenious and elegant 
equations 
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HYDROLOGY 


Water, bound 
and mobile 


Isotopic data help to resolve 
global hydrologic fluxes 


‘By Mende Brooks 


‘ow much water is exchanged between 
the atmosphere and the land and 
feean surfaces every year? The an- 
Swer is important for developing ac 
‘arate mols of Earths water cycle 
‘both now and in a warmer future 

imate. Goo etal. recently reported bigh- 

resolution data on hydrogen water isotopes 
from the Tropospheric Emissions Spectrom 

‘ter (TES) aboard NASAS Aura satelite (2) 

(On page 175 af this isue, Good, Noone, and 

Bovres (2) use these data to estimate global 

values for plant transpiration, streamiow, 

and evaporation from various sourees. 

"The authors estimate the mean global 
value for plant transpiration (the water that 
‘moves from the soil throughs plants to the 
atmosphere) to be 489 of continental pre- 
‘Spitation. A further 26% of continental pre- 
‘Spitationreturnsto the oceansas streamflow 
(Gee the figure. The remainder is evapora- 
‘tion from the folloying components: precip- 
‘ation intercepted by plant canopies (20%), 
soil water (49%), and surface water (17%). 
Separately measuring the amount of tans 
ped water and evaporated water is method 
‘logically challenging (see the photo). Most 
‘commonly, evaperation and ‘transpiration 
fare measured as one water fux leaving the 
land surface evapotranspiration) Good ea. 
cstimate the proportion of water transpired 
tobe 61% of total evspotranspiration, which 
is comparable to the modian value of 61% 
from the limited field datasets avalabe(). 

‘Resolving the slobal transpiration thx is 
ccitcal to constraining global carbon eyele 
‘models because earbon uptake by photosy- 
thesis in terestril plants (gross primary 
productivity, GPP) is drei relate to water 
Tost through transpiration. Quantifying GPP 
slobally i challenging (#) because GPP ean 
‘only be measured iret atthe leaf level. By 
adding water isotopic constraints to models 
Of global hydrologic fixes, Good etal dae 
matically narrow the potential range of tran 
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spirstionjevapotranspiration, and thos the 
range for GFP. Using the simple assumption 
that on average plants lose ~300 water mol- 
cules for every CO, molecule captured by 
‘Photosynthesis, thei transpiration estimate 
5,000 kafjear) equates to a GPP of -120 
Pg C/year, which is similar to modeled esi- 
mates (46). Future work wil Ikely resolve 
these uses simultaneously by integrating 
the hydrologic isotopic data with the global 
fsotopic tracers of CO, messured by NOAA 
Global Greenhouse Gas Reference Network. 
"To model the hydrologic fluxes from the 
slob water isotope budget, Good eal e- 
Strict the degree of mixing between water 
‘bound by the soil (were evaporation and 
‘wanspiration occur) and mobile soil water 
(eich ends up in surface water returning to 


‘he acean). They define hydrologic eannectiv= 
ity berwoen ound and mobile water asthe 
proportion of surface water that has inter 
eted with soilSound water and has thereby 
sequired some isotopic signature from soll 
evaporation 

Tm their Monte Carlo simulations, 8 « 
288 of surface waters mised with si-bound 
‘water, which translates tp 10+ 8% of eonti- 
‘ental precipitation (see the figure). This 
decoupling was nocessary in their model be 
‘use ther earier work (1) pointed to dite 
fences in the hydrogen isotope composition 
‘between the global evapotranspiration fx 
(400 per mi and global runofto the ocean 
(Tt per mi In the current stud, Good et 
a eould only simulate this isotope diter- 
fence by disconnecting bound and mobile 
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Pools to some extent. This leads to ther star- 
‘ing finding that most water Sowing within 
streams to the ccean has not interacted with 
Ssobound water used by plants 

“These results demonstrate the importance 
fof ound and mobile water. Hydrologist 
have long recognized thatwaterfows rapidly 
in preferential fawpaths and slowly through 
‘the soil matric; however, they assumed that 
new water entering the soll displaces older 
resident water, pushing it farther along to 
‘the steam (7). On the basis offtopic evi- 
dence, Tand others (8) proposed that water 
ontained in small pores in the soll mati 
‘was iolated from fast water flowpaths. For 
small watershed inthe Pacific Norwest, 
‘USA, we observed that stream and soil water 
‘were isotopically dstinet and hypothesized 
‘that hydrologic separation between these 
‘water pools was responsible. Goldsmith 
tal (9) have reported similar results in a 
Seasonally dry tropical montane cloud for- 
st in central Veracruz, Mesica. Goo tals 
“imolations indicate that hydrologe separ 
tion of hound and mobile water must be a 
‘widespread phenomenon. 

Hydrologic txes through soils transport 
nutrients and other contaminants to surface 
‘waters, causing bills of dollars in damage 
to downstream ecosystems (10, Given that 
‘bound water contains higher nutrient con- 
centrations than does mobile water, knowing 
how bound and mobile water interact could 
help to manage and predict faxes of pllut- 
ants, However current conceptual models for 
‘Tuned generation and biogeochemical fhxes 
‘will require substantial revisions to include 
{his ecohydologie separation of bound and 
‘mobile water (1) Indeed, McDonnell 7) em- 
Dasized that investigating how, wire, and 
‘when ecohydrologe separation occurs ane 
‘ofthe great challenges ofhiydology: The mag- 
nitude of and mechanisms behind ecohydro- 
Toe separation ae likely to be spatially snd 
‘temporally diverse. Nonetheless, Good eral’. 
study indicates the importance of ecobyro- 
logic separation on hydrologic Mixes at the 
slobal scale, further Hlustrating the need for 
Understanding how mobile water interacts 
‘with bound soll water. 


HIV 


The modern era of HIV-1 
vaccine development 


Current vaccine designs are on the path to eli 


‘ing 


antibodies that neutralize HIV-1 


‘By John R. Maseola 


fore than 30 years after the discov- 
cry of HIV, where are we in our 
‘quest to develop a vaccine that 
‘ould prevent human infections 
and help stem the global HIV pan- 
‘demic? The truth i, unfortunately 
that we are not yet elose. Even atthe Ibo 
tory bench, we do not have a vaccine that 
fan induce ersereactive neutralizing ati- 
‘odiesthe type of response likely ended 
to provide hig-evel protective immunity (J 
‘D. This goal of inducing neutralizing antic 
bodies has proved especialy intractable and 
reminsa focus of HIV vaccine researchers 
Aimajor euprit inthis story isthe struetur- 
ally complex surface envelope givenprotein 
(any) that mediates entry of HV into host 
calls (9) On. pages 154, 191, and 156 ofthis 
Issue, Sanders etal. (4), Chen eta. (3), ad 
Jardine ef a. (O, respectively, and another 
study (), provide new insights into the na- 
ture ofthe HIV. En trimer its potential use 
faa vaccine, and ovr the humoral immune 
Sytem generates antibodies with the necos- 
sur characteristics to neutralize HIVA. 
ay is composed of three identical precur- 
sor glycoprotein molecules (gp160) that are 
deaved into a surfice component (—p120) 
and a membrane component (gp), which 
‘oncovalently associate to form the entry- 
competent Env timer—also elled the viral 
spike. HIV Env resists neutralization by a 
‘combination of remarkable antigenic dver- 
Sity and eancealing ertial epitopes via its 
‘quaternary structure and heavy glvcosy- 
ation. Moreover, antibodies must undergo 
extensive evolution (Somatic hypermuta- 
tion) to gain the ability to recognize the na- 
tive trimer and block HIVE infetion CL 8) 
(Gee the figure, 

‘Shortly after the disovery of HIVA, 
the viral genes for gp160 and gpi20 were 
toned and encoded into vial vaccine vee- 
tors or expressed as recombinant protein 
vacsines. However, these envelope vaccines 
didnot elicit broadly reactive neutaliz- 
ing antibodies, and gp120 protein vaccines 
failed to protect against HIVA infection in 
Jnuman efficaey trials (2). The RVI vac- 
‘ine trial, which used a pox virus prime and 


2120 boost, showed a modest 18 protec: 
tive efficacy (2). There is now a sense of why 
these vaccines were suboptimal, and how 
to adress the problem. A key concept i 
‘that much ofthe antigenic surface of» mo- 
nomeric gp120 molecule is buried within 
trimeric En ad thus, most antibodies le 
ited by gp120 do not bind the functional ve 
tal spike (3). The solution to this problem ix 
‘conceptually simple—express the native Env 
trimer as a vuceine immunogen, Technically, 
‘thiss a challenge, partly because the nanco- 
valent interactions betoen gpi20 and gpa 
‘donot allows for timer stabity oatside the 
‘context ofthe viral membrane, 

Sanders ea. solved this problem by en- 
ineering a protein with specific disulfide 
bonds to hold gpi20 and gpil together 
called BG505 SOSIP; BGS0S isthe strain of 
‘virus used to make the protein, SOS refers to 


“.avhere are we in our quest 
to...stem the global HIV-1 
pandemic?” 


the disulfide bond, and IP i specific muta- 
tion of pt required for SOSIP trimer stail- 
ity (). The authors have now used BGSOS 
SSOSIP to immunize rabbits and monkeys. To 
‘casual reader, their results would seem dis 
appointing: The vaccine elicited neutralizing 
antibodies tothe autologous virus matching 
‘the vaceine), and not to heterologous viruses 
Because HIV is genetically diverse ths ti- 
‘mer has eertainly not solved the HIV' vac 
cine problem. The key question is whether 
these results are a frst step om a pathway 
to generate more crossreactve responses 
Some of these next steps are already under 
‘way, indding development of alternative 
strains and platforms to make additional 
trimers (10) and the ability to further stabi- 
lize the timer to potentially improve its im- 
rmunogenicity (1. In this regard, Chen et a 
‘report the ability to produce near-homoge- 
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neous native En trimers on the cell surface 
fof stably transfected cul lines. interestingly, 
they demonstrate that alterations made to 
the intracytoplasmic region of gpl, some- 
‘thing that is routinely done when soluble 
_Ep140 proteins are expressed, ean adversely 
affect trimer conformation and antigenic. 

‘Although native trimers provide a major 
nev tol for HIVA vaccine researc and de- 
velopment, there is stil the problem that 
hgh levels of somatic mutation, and in some 
‘cases preferential immunoglobulin varie 
ene usage, are required for effective neu- 
ttaliation. Antibodies to the CDS binding 
site on gpl20 are of particular interest be- 


Somatic mutation 
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‘mice that express the full human heavy 
‘chin of a VRCOL-dass antibody. Antibody 
producing B eels fom these mice preferen- 
tilly express the human VHE2°02-derived 
heavy chitin, but importantly, the murine 
light chain repertoire is intact. Jardine et 
aL generated mice that expressed the near- 
ermine (Le, unmutated) heavy chain of 
the VECO! antibody and then immunized 
‘the mice wil a modified gp120 protein spe- 
cifically engineered to engage this antibody. 
Notably less than 0.4% of mouse light chins 
Inve the required characteristics to produce 
an appropriate VRCOY-class neutralizing an- 
tibody. Yet, over 90% of vaecine elicited 
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‘cause they bind to functionally conserved 
‘region on the virus. A major eategory of such 
antibodies, called the VCO class, ean neu- 
‘wale HIVA by mimicking the interaction of 
‘the eollular receptor CD with gp120.Impor- 
tantly; VRCOLeass antibodies are found in 
multiple HIV-infected donors and, henee, 
appear to represent a reprodueible solution 
to targeting a vulnerable site on the HIV 
‘trimer (12) All VRCOT-lats antibodies have 
‘vo key immunologieal characteristics: They 
derive ffom the same hesty-chain variable 
ene allele, VH1-2°02, and they have a short 
(Give amino acid) CDRS region ofthe ight 
‘chtin—needed oayoid clashes with parts of 
‘the Env trimer, 

"To study how the immune sytem pairs 
‘this unusual short light chain withthe VHT- 
2702-derived heay chain, Janine et al. and 
Dosenovie ef al (7) generated tnsgenie 


cells turgeting the CDA binding site region 
that contained the appropriate five-amino 
acid light chain. The results are Wluminat- 
{ng-—they suggest that with appropriate anti- 
genie stimulation, the rare immunoglobain 
ene rearrangements required to produce 
neutralizing antibodies are eficientiy pro- 
duced. Importantly, the antibodies gener- 
Sted yere unable to neutralize HIVA~they 
‘were early VRCO1 precursor antibod that 
‘would likely require further somatie muta- 
tion to display effective virus neutralization. 

oscnovie etal. enginecred mice to ex 
press the germline zeverted VECO ass an- 
tibody called SBNC6O, and immunized these 
mice with engineered variants of ¢p120. They 
demonstrate the generation of sme SBNCSD 
precursor antibodies—but again. without 
neutralizing activity: However, in transgenic 
tice expressing the mature SBNC6O heavy 


‘ain, immunization with the BGS05 SOSIP 
trimer produced measurable amounts af se- 
‘umm neutralization by VRCOL-ass antibod 
fx Antgen-speifieB cells were cloned, and 
the antibodies they produced contained the 
expected mature SBNCHO hesty chain and 
‘he necessary Gve-amino acid CDRS light- 
‘dain moti Overall, the results of Jardine et 
fa and Dosenovie eal show the proficiency 
ff the humoral immune system in pairing 
rare light chains with the approprite hey 
‘hain to produce efetive antibodies 

How do these four studies advance the 
potential for an effective HIV vaccine? As 
| Gist step, they show that we ean now imn- 
‘munize with authentic native trimer pro 
teins~and thus, there is a greater potential 
to generate antibodies that sil recognize 
the fnetional viral spike and nevtralize the 
‘virus. Single trimer proteins are just fist 
Step, but they should provide the necessary 
feamework from hich to design more effee- 
tive vaccine immunogens. The studies also 
‘demonstrate prof of concept that HIV Env 
Immunogens ean be modified, based on our 
‘knowledge of structure and immune reeog- 
iting, and that such immunogens ean ef 
‘ently engage the appropriate nave Bealls 

Based on our understanding of the cr 
cumstances that lead to the generation of 
broadly neutralizing antibodies in HIV'-in- 
fected individuals (13, #4), success achieved 
‘hroogh immunization wil Likely require 
‘arious sequential immunogens and itera: 
tive human trials, Whether specifically eng 
sneered smaller portions of Env, othe full 
‘wimer—or perhaps both—will be needed 
for driving ditieut-o-induce B cel ineages 
shuld be determined in these immunica- 
tion trials We now have novel racine im 
‘munogens slong with an understanding of 
immune pathways leading to effective an- 
tibodies, and the technologie tools to study 
the cell response in deta. It may be rea 
sonable to cance that we have finaly em 
tered the mera era of HIV vaccinoogy. 
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ECoNomICS 


Intellectuals and the rise 
of the modern economy 


Well-educated elites enabled scientific and technological 
creativity during the Industrial Revolution 


iy Joel Moly 


for many decades, economists dis- 
Iiseed culture as irelevant to most 
questions in economic growth. How 
ever, in the past decade they have 
rediscovered its importance in the 
emergence of the Great Enrichment 
(he rapid and unprecedented process of 
‘economic growth since 1850) 
(0-9). im retrospect, this de- 
velopment seems inevitable. 
Once it was accepted that 
institutions are a. powerful 
factor in explaining. der 
fences in national perapita 
income today (9, eulture—in 
the sense of the beliefs and 
values on which institutions 
‘were founded-could not be 
far behing. Ina recent paper, 
Squiceiarin and Voigtinder 
G) provide further support 
for this iea by showing how 
culture affected the ree ofthe 
modern economy’ 

‘Bot whose enlkure matters 
‘here? Was it popular culture, 
‘he beliefs ofthe great masses, 
land the growth of general lit- 
racy and mass edueation? 
‘The answer it not. simple 
‘The Industrial Revolution of 
the late eth century and the 
continuing waves of economic 
rove that followed it were 
largely driven by inventions 
and the science on which they 
increasingly relied. In the 
Vietorian age, many authors 
tended to explain the advent 
fof the Industrial Revolution 
by the actions af a few great 
inventors such as Watt and 
“Arkwright und great scientists 
‘such as Galileo and Newton. 
In the 20th century, scholars 
(uany of them influenced by 


‘Mars reacted to such hero worship by sce- 
ing the sources of ingenuity as impersonal 
deep forces and denying single individuals 
any agency at all Tolstoy famously advo- 
fated in War and Peace that "To study the 
luvs of history we must completely change 
the subject of our observation, must leave 
fside Kings, ministers, and generals, and 
study the common, infinitesimally small 


slements by which the masses are moved” 
(G)-In this view, individuals matter itl 
{ Henry Hessemer had not invented the 
converter that made cheap stel possible, 
omeone else would bave 

‘That sd vat explains truly transfor 
‘mative technological ideas such as steam 
power, gas lighting, smallpox vaccination, 
the transistor, and antiotes? Single indi 
Viduals may have mattered less than their 
‘worshippers suppose, but it s hard to deny 
that im the Isth century, the segment of 
‘the population that generated and ereated 
‘new technology and new sconce was avery 
thin slice indeed. Technologial improve 
‘ments leading to arise in living standards 
were created by people who were ether 
fedueated and lesrned or extremely skied 
find resourceful-and ofcourse quite afew 
‘who were both. Some scientists were also 
brillant instrument makers, such as the 
teat Alessandro Volta, or in 
ventive engineers with good 
connections to the scientific 
fommunity, suchas James 
‘Watt and Join Smeaton. 

Pathbresking advances 
‘wore adapted to production 
bya second ter of tweakers 
and implementers (7). How. 
fever, that still meant a small 
"minority ofthe population—a 
few thousand at mast—wo 
shullenged conventional wis- 
fiom and crested the new 
techniques and machines 
that made the modern age 
No one put it better than 
the prescient scientist and 
master instrament maker 
Robert Hooke, who noted in 
{Wo that "There bath ‘not 
boen wanting in all ages and 
places great numbers of men 
‘whose genius and constitu 
tion hath inlined them to 
dolght in the inquiry into the 
fate and causes of things, 
fnd fom thoee inquires to 
Broduce somewhat of use 
to themselves or mankind 

Bat this newfound world 
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rust be conquered by a Cortesian army, 
‘well Disciplined and regulated, though their 
numbers be but small”) 

‘A more formal representation of this 
fea is to consider the distrination of hs 
‘man capita in society. Typically economists 
sch ar Richard Easterlin have regarded bu 
‘man capita asa precondition for eeanomie 
srovth and examined various measures oft, 
Such as overall tracy rates or the mean (oF 
median) number of schoo! years completed. 
‘There are good reasons for this approach, 
‘bat historical data suggest that foeusing on 
‘the entire labor force i more appeopriate for 
‘explaining the adoption and difusion of ex 
isting technology rather than the generation 
fof new knowledge (3), What matters for the 
latter are those inthe right-hand tail of the 
listrbution: a small numberof exceptional 


“in the I8th century, the 
segment of the population 
that generated and created 
new technology and new 
science was a very thin 
slice indeed.” 


people who ean think creatively and have 
the cutting-edge knowledge end training ¢ 
carry cutting-edge technology to the opera 
‘tonal stage (20,1, 

‘Squicciarini and Voigtlander (5) have 
‘put ths proposition to an imaginative test. 
‘They reason that high-quality individuals 
{generated economic progress in two ways. 
First, they were able to make the new bloc 
prints work and scale them up. Second, they 
continuously improved those techniques by 
small adjustments and adaptations, These 
individuals were the key actors in economic 
progress. Squicciarint and Voiglinder 
measure the number of suc intellectuals 
fram an unexpected source: the relative 
number of people who subscribed to the 
Grande Eneyelopédie, published in France 
in 17-1778. About 7000 French intellect 
als bought subscriptions to this heteradax 
and progressive work, often regarded as the 
«epitome of Enlightenment thought. 

Squiceiarini and Voiglinder argue that 
these subscribers represented a practical 
infeligentsia: Afer all, the enestlopedia. 
‘contained practical information and. de- 
scriptions of techniques in use atthe time 
(Gee the image), in addition to liberal phi 
Tosophy. They then show thatthe relative 
numberof subscribers in French cities pre 
dicts the subsequent rate of economic d- 
velopment in French cities after the process 


of industralzation, using the new technol- 
gy, 100k off in the late 18th century. Mare- 
lover, the average level of human eapital, ax 
‘measured by literacy rates, mattered litle 
in the early stages of industrialization. In 
other words, by itself the number of people 
able to read was not important for growth. 
‘What mattered was the elite: the aumber 
‘of well-educated people who read sophisti- 
cated text, 

ove precisely the reading of such texts 
affected inventive and entrepreneurial ac 
tivity i, ofcourse, still a mystery: Kt stands 
to reason that both are related to wnob- 
servable characteristics suelt a5 curiosity, 
Scientific creativity, acess to cutting-edge 
‘nowledge, and a desire to increase eco- 
‘nomic efficiency. 

Does this finding have implications for 
‘our own time? Modern research has sug- 
gested that the benefits of education for 
fconome growth are far from obwious (12, 
413). The otal stock of human capital isnot a 
‘ulicient statisti for explaining the growt 
‘te ofan economy in addition, we need 
‘know the composition of the human capital 
(highly edueated versus more widespread 
education) and how close the economy is 
to the world technology frontier (1). For 
economies that are at the technological 
{frontier investing in the education of the 
best and the brightest may be as impor- 
tant as rasing the mean of the entire dis- 
‘nibution. For the rest of the world, whic 
imitates and adopts rather than invents, 
investing in mass education is still he best 
strategy for economic growth, 
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STRUCTURAL BIOLOGY 


COPI gets a 


fancy new 
coat 


An interconnected 
scaffolding of proteins 
bends the membrane to 
form vesicles 


iy Alex 3. Noble! ond Seott ML, Staga™* 


defining characteristic of eukaryotic 
cells ie their numerous membrane 
bound compartments, including the 
endoplasmic reticulum (ER), Gol ap- 
paratus, and other ongancles. Proteins 
tnd lipids are transported between 
these compartments and the ell surface by 
‘eric about 100 nm in diameter, Thrve 
‘anonical protein coat complexes faite 
{he formation ofthese small vesicular cat 
ors: the clathrin coat, eat protein 1 (COPD, 
‘and cout protein 2 (COP) complexes. The 
CCOPIT coat medites vesicle formation atthe 
[ER for transport to the Golgi the COPI cost 
forms vesisies at the ds-Golgi for transport 
to the ER; and clathrin has a dual rot, form 
Ing vesile atthe trans-Golgi fo transport to 
the plasma membrane and forming vesicles 
at the plasma membrane for endocytosis 
Each ofthese coat complexes is compased of 
‘aumerous proteins that bind to membrane, 
recngnize cargo proteins, bend the parent 
‘membranes into bud, and pinch the ads 
‘into vesicles 1). On page 195 ofthis ss, 
Dodonova etal. 2) have crested an atomic 
model of the COPE coat by using eyogenic 
ectron tomography (eryo-ET) combined 
‘wth Inbeling and erose-linking mass spec- 
‘trometry Their model gives new insights into 
‘he mechanisms by which the COPI proteins 
assemble nto hight intereonnectd sao 
Ings and work together to bend membrane 
Individual proteins in the three diferent 
coat protein complexes share similar folds 
tnd are proposed to be distant evolution- 
ary relatives (8). Despite these similarities, 
‘he conts have evolved diferent functional 
‘mechanisms, The basi asemby unt fr the 
(COP! cout is calle coatomer (4), which eam 
sists of heteroheptameric eomplex af 
Bot. & e, and COP proteins, These are 
Stnltaneously recruited to the membrane 
during the vesiolation process (5). This eon- 


trasts with clathrin and COPH, the subunits 


fof which are recruited sequentially (), The 
‘structure determined by Dodonova eal x= 
plains the basis for the en bloc reerutment 
Of the COPI proteins. In contrast to COP! 
fand clathrin, which form dlserete adapter 
land cage layers, the COPI proteins combine 
‘both of those functions into one unit an to- 
ether form a highly interconnected network 
(Gee the figure) where given COP! assembiy 
unit, the triad ean make up to four diferent 
contacts with neighboring triads 

“The lack of discrete adapter and cage lay- 
crs for COP! is surprising given that the coat 
‘was previously shown to have two stable 
subassemblies: a“<-COP, which is struc- 
turally similar to the cage component of 
athrin and COPI enats, and pl-}5-COP, 
‘which i structurally simflar to the adapter 
protein 1 (API) and AP2 complexes in elath- 


cop 


ie 


(Golgi + Endoplasmic reteutum 


‘when bound to membrane and conversely 
‘whether -54-8-COP has open and lose 
forms, Moreover, it remaine to be deter 
mined what specific roles these conforma- 
‘tons playin the respective coat functions 
“The structure determined by Dodonova et 
{aL also helps to explain the mechanism by 
‘whieh the COPT coat generates membrane 
‘curvature. One of the COPL proteins, Arf, 
yas an amphipathic «helix that is buried 
fn the outer leaflet of the COPI vesicle, A 
rmathematieal model has been proposed that 
‘quantifies the degre of membrane bending 
{Induced by inserting an helix into one ea 
let ofa membrane bilayer (10). Based on the 
‘observed sparse distribution ofthe Arf pro- 
twins and the mathematical model, the a- 
‘thors propose that Arf alone is insuffiient 
tobend membrane to the required eurvature 


cori 
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scribed, but unlike most biomolecular com- 
less that assemble via & small number 
‘of discrete connections, the linkages in the 
COP! coat occur over a range of contact ar- 
‘eax Why ir this s0? One possiblity is that 
the proto-COPT cost evolved the four ditfer- 
ent Linkages to expand the repertare af gx- 
metres that the coat can accommodate end 
thus adapt to the seretory needs ofthe call 

is worth noting thatthe study by Dodod- 
nova et af. represents technical tour de 
force, By combining high-resolution cryo-ET, 
‘crosslinking mass speetrometry, diferent 
‘hanogold labeling, and directed Monte Carlo 
searches, the authors were able to localize 
Individual crystal structures into the triad 
density map. Only a handful of structures 
have been determined to better than 15 A by 
‘e,o-ET, and even with such resolution, it is 
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sin (P. In the ease of the COPE coat, how 
ver, instead of forming discrete adapter and 
‘age ayers, the ef--COP subcomplenes are 
nestled down close to the membrane next 
tthe YL COP subeompleses to form a 
‘wind, Another interesting comparison can 
‘be made betwen the clathrin adapters and 
‘FEAFS-COP. API and APA form two eanfor- 
mations: a closed cytosolle version (8) and 
{putative membrane-bound open form (2. 
‘The 7-8-COP subcomplex is topologically 
‘equivalent to the open form of API, but in 
‘contrast o APY, itforms a"hyper-open” can- 
formation, The COPL structure raises the in- 
teresting question of whether API and AP2 
similarly have a “hyper-open” enfrmation 


‘late Fe ney SSC 
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{or vesicle formation, and thatthe remain- 
{ng eurvature must be generated by the rst 
of the coat, A remaining question i whether 
‘the cout physically squeezes the membrane 
‘or locally induces curvature ata given triad, 
then clusters the loally deformed regions 
into a coherent vesicle by assembling them 
into a eoat. Additionally, is unknown how 
diferent cargoes affect membrane eurvature 

‘The COPI coat structure almost com- 
pletely covers the membrane surface, leaving 
Title room for eargo with lange eytnsolicdo- 
mains tis unclear how such a cargo protein 
‘onl be fied int the COPI cost stracture 
‘without altering the coat geometry in some 
‘way. Future studies will dctermine whether 
‘cargo can direct coat remodeling or if is 
accommodated by some other mechanism. 
‘One unique aspect ofthe COPI structure is 
the linkages between the triads inthe full 
(COPI coats. Four diferent linkages are de- 
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ficult to unambiguously dock crystal struc 
tures into the density maps The combination 
(of high-resolution cryo-ET and binehemieal 
‘Guracterization is a powerful approach for 
etwrmining the structures of complicated 
‘multisubunit molecular assemblies, The p= 
proach should be useflin future studies for 
Aletermining the structures of other macro- 
‘molecular complexes inthe cll 
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OCEANS 


Managing mining of the deep seabed 


Contracts are being granted, but protections are lagging 
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nterest in mining the deep seabed is not 
new; however, recent technological ad- 
vances and increasing global demand 
for metals and rareearth elements may 
‘make it economically viable in the near 
future (D. Since 2001, the International 
Seabee Authority (ISA) has granted 26 con- 
‘acts (18 inthe last 4 years) to explore for 
minerals on the deep seabed, encompassing 
“milion km? inthe Pale, At 
POLICY lantic, and Indian Oceans in ar 
‘eas beyond national jurisdiction 
(2). However, as fap habitat structures and 
catremely slow recovery rates lave diverse 
‘deepsea communities vulnerable to physical 
dlisturbances suchas those eased by mining 
(the current regulatory framework eould 
‘be improved. We offer recommendations to 
support the application of a precautionary 
approach when the ISA meets later this Jy. 
ecp-sea benthic ecosystems are glob- 
ally important reservoirs of biodiversity and 
fendemism that provide important ecosys- 
tom services (eg. carbon sequestration and 
nutrient cylin) (4, 5) and Include diverse 
Ihabitas (eg, softsediment abyssal plains, 
‘hydrothermal vents, seamounts, continental 
slopes, and submarine canyons) (5. Tae deep 
seabed alsa harbors substantia, untapped 
‘mineral resourees (eg, poiymetalic nod- 
tes containing nickel, capper, cobalt, and 
‘ihium; massive sufdes containing copper 
and gold; and seamount crusts containing 
‘cobalt, manganese, and rare-earth minerals) 
@, 7.'The challenge ahead isto find ways 
to permit initial exploration, and ultimately 
‘commercial exploitation, of seabed minerals 
‘while sustaining the ecosystems that mu 
ound them, 

“The seabed outside of national jurstic- 
tions (ealled the “Area” in the United Na- 
tions Convention on the Law of the Sea 
(UNCLOS)] is legally part of the ‘common 
Deritage of mankind” and is not subject to 
lirect claims by sovereign states (9. The 
‘common-heritage principle imposes a kind 
of trusteship obligation on the ISA created 
under UNCLOS in 1904, and its member 
states, wherein "the interests of future gen- 


erations have tobe respected in making use 
bf the international commons" those inter- 
sts include both resource exploitation and 
environmental protection (9). 

‘At its July 2015 session, the ISA, for the 
fst time, will consider «draft regulatory 
framework to manage exploitation of these 
seabed resources consistent with the com- 
‘mon heritage principle. In edition, the 
current regulatory framework for seabed 
‘mineral exploration could be improved, The 
ISA could develop 1 process to establish re- 
sional environmental management plans as 
Dart ofthe framework for governing both 
exploration and exploitation of decp sea- 
‘ed minerals, that includes a network of 
‘no-mining areas among other measures to 
protect the marine envionment. 


ABYSSAL PACIFIC, Efforts focused on the 
{Gsrion-Clipperion Fracture Zone (CCZ) in 
the atyssal Pace provide @ useful mode 
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(soe the map)-The CCZ has the largest known, 
‘concentrations of high-grade polymetalic 
‘nodules, with potentially great commercial 
‘alue (7). The stale of impacts that would be 
Associated with nodule mining in the CCZ 
‘ay affect 1005 to 1000s of kn per mining 
‘operation per year (3) In 2007, an interna- 
‘onal veorkshop brought together expert 
representatives from ISA and the scientific 
‘nd international noean law communities to 
‘develop design principles and recommend 
‘ions for # netork of marine protected ar 
cas (MPAs) in the CCZ ofits to mining, 
to be considered by the ISA as part of a re- 
ional environmental management plan_The 
‘workshop used a recent assessment of biod- 
‘verify species ranges, and gene flow in the 
CZ to develop recammendations honoring 
sting mining exploration claims while in 
otporatng accepted principles of ecosystem, 
‘management (se the map). 

[MPA networks support w precautionary 
approach for managing eensjstems where 
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ata are limited (eg, in the deep sea) by 
‘pmserving replicated. portions of diverse 
‘habitats and associated biodiversity and eco- 
system fanetion (10), in situations where ex- 
lotation may cause serious, unpredictable, 
‘and potentially ireversible damage ‘The 
‘fcacy of individual MPAS to protect bio- 
versity and eritical habitats has been Well 
‘documented inthe marine environment, and 
(MPA networks further safeguard against un- 
‘certainty and promote ecosystem connect 
{ty the fae of envirnmental degridation 
Recent studies have demonstrated that the 
effectiveness of MPA networks is greater than 
‘thesum of the effets of individual MPAs (1 

12013, the 1SA pioneered a precautionary 
approach in the CZ when i provisionally 
‘adopted the deep seabed’ frst environmen- 
‘ul management plan that included Areas of 
Particular Environmental Interest (APE 
‘modified version ofthe recommended MEA 
‘network from the 2007 workshop (22,1). 
"The esign principles used in developing the 
APEIs included (compatibility withthe x- 
{sting lea framework of the ISA for manag- 
ng seabed mining and protecting the marine 
cnvironment. (i) minimizing socioeconomic 
Impacts by honoring existing exploration 
claims; (i) maintaining sustainable, intact, 
‘and healthy marine populations; Gv) ac. 
‘counting far regional ecological gradients 
(9) protecting fall range of habitat types 
(7) creating buffer zones tn protect against 
‘extemal anthropogenic threats (eg, mining 
plumes) and (i) establishing straight-line 
Tboundaries to faclitate rapid recognition 
and compliance (12) 

‘The regional environmental manage- 
‘ment plan designated no-mining areas (ce 
AAPEIs) that are provisionally in place only 
{or the CCZ (and only for 3 years, subject 
{to review at the July 2015 ISA session) (1). 
‘Meanvsile, the ISA continues to grant ex: 
ploration contracts for large areas of other 
Seep-sea habitats in the Indian, Adantc, 
‘and Pacific Oceans, 


At the upcoming July session, the ISA ean 
‘continue to apply a precautionary approach 
by tailoring the MPA network desig prine- 
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ples established forthe OCZto other deep-sea 
‘habitats in which exploration claims willbe 
‘granted. Networks of MPAs will be most of 
fective if their locaton and spatil extent are 
‘established before ational mining explora: 
‘ton claims are granted that may compromise 
18As ability to site these networks in the mest 
effective locations, This lesson was learned in 
the CC7Z planning process, because existing 
and emerging exploration contracts required 
Substantial modifications tothe spatial lca 
tion of the science-based recommendations 
for the proposed MPA network. Preexisting 
or new exploration claims (up t9 ~75000 
‘ke for nodules) ean erode the efectiveness 
of protected-area networks by preempting 
protection of rita habitats and by limiting 
population connectivity by causing excessive 
spacing between MPAs. We thas recommend 
‘that the ISA consider suspending further 
approval of exploration contacts (and not 
approve exploitation contracts) until MPA 
networks are designed and implemented for 
‘each targoted region 

‘The ISA has the power and the oppartu- 
nity to use the CCZ. network design prieiples 


“The science of establishing 
MPA networks and 
minimizing human impacts 
is relatively new for deep-sea 
mining.” 


‘when it develops the regulatory framework 
for mineral exploitation in deep seabed areas 
‘beyond national jurisdiction. "The scientific 
information applied in the CCZ. was eharac- 
teristic ofthis abyssal plain regan, and yet 
‘the CZ plan development process may serve 
asa general model fr the ISA. Fist, the ISA 
‘ould convene workshops, where scientific 
‘experts use the CCZ and other MPA design 
principles to develop tailored plans for MPA 
networks in other deep-sea regions targeted 
for mining (eg, the Mid-AMantic Ridge, In- 
dian Ocean, and Western Pace. Second, 
the ISA could then onganize mectngs of all 
‘Sakeholders to recommend necessity re¥- 
sions to the draft plans developed by the 
‘science workshops, balancing trade-offs be- 
tween mining interests and environmental 
protection. Third, the ISA could then embed 
these nowy tallored MPA network designs 
ino environmental management plans for 
the other regions ofthe deep seabed targeted 
for mining 

"The science of establishing MPA networks 
and minimizing human impacts i elatvely 
new for deep-sea mining. However, given the 
‘uncertantyn the spatial and temporal scales 


and the intensity of mining impacts, com- 
bined with high biodiversity and extremely 
low recovery rates of many communities 
and habitats in the decp sea, a precaution- 
‘ry approach using MPAs is warranted. As 
deepsea protected areas are implemented, 
esearch will be necessary to evaluate thelr 
ffcacy and to adaptively manage these net- 
‘works as now science emerges regarding the 
Intensity and sale of mining disturbance 
‘The ISA has a unique mandate to at on 
behalf of humankind to manage mining 
of deep-sea resources in the area beyond 
national jurisdition. The ISA is thus 1e- 
sponsible for applying the precautionary 
principle in providing appropriate and 
timely environmental protection of deep- 
sea ecosystems in regions potentially af 
fected by mining (1). A carefully designed 
regulatory framework, including provisions 
{for MPA networks embeded in regional en- 
vironmental management plans ean reduce 
‘uncertainty about future mining activities 
‘and protect existing mining laims and eco- 
‘homie investments, all while safeguarding 
deep-sea biodiversity and ecosystem func- 
tion at relevant geographic sees. Although 
this endeavor vill be challenging, the time 
is now to assure appropriate environmen- 
tal protection in the context of mineral r= 
source development inthe deepsea. 
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MARINE ECOLOGY 


tn Spas in Tne Helen Sees 
tater closer lok aon ofthe 
cea’ most useing bets 


Beachcomber’s delight 


The hidden my: 
‘yet em 


few years ago, while researching a 
tural history of ambergris (1,2), 
Tspent every spare moment on the 
coastline of New Zealand, scouring 
the high tide line for what is, e=- 
sentially, a pathologial secretion of 

hardened sperm whale dung I never found 

any. But, every time I returned home from 
the shoreline, my pockets were filed with 

‘wet shells. In some lations, the Maori= 

fcofpus roseus—a delicately tapered turret 

shell—were so numerous that each reced- 
ing tide let an inch-deep drift of them on 
the sind, Later, in the wide bay of Revere 

Beach, near Boston, Massachusetts, 1 col- 

lected empty moonsnail shells larger then 

olf balls. Ill have them, 

While reading Helen Scales’ Spirals in 
Time, { thought of my shells again. Dig- 
sing them from a drawer, [picked a single 
violet-olored turret shell from the bag and 
Followed its whorls with renewed inter- 
fest Seles, a marine biologist and author 
‘of Posidon's Stead: The Story af Seahores, 
{from Myth to Reality takes ws on a fase 
hating journey into the strange and eapti- 


teries and human history of seashells 


‘ating world of mollusks. 

‘Together, mollusks make up an enor. 
‘ously diverse phylum of organisms—an 
fstimated 5,000 known species, with 
thousands more waiting in the ocean, and 
fn museum collections, to be described 
‘They are found, as Scales tells us, inland 
100: ike Cormu aapersum, the familiar land 
snail that inhabits English gardens, and 
fertain species of the Plectonna genus 
found only on limestone Karsts in Malay- 
fa. Pectowoma have strangely convoluted 
shells designed to outwit predators, which, 
‘upon entering the shell, are unable to lo- 
cate ts inhabitant. 

‘Shells of every kind have always necupied 
‘a meaningful place in human history. Their 
fariest appearance in the human record 
dates back 15,000 years toa stein north- 
eastern Morocco: dog whelks decorated 
‘with ochre, piereed with holes, and likely 
‘worn as jewelry. Much later, the money 
cowrie, a lite ovate shell with a crimped 
fedge, became the currency of the African 
Slave trade. Money cores are unassuming 
Shells. They look like gnoeehi, But in 1770 
190,000 of them were sufficient to enslave a 
‘human being. 

‘On her travels, Soles takes us to the 
‘Mumbles, onthe Gower peninsult in 
Wiles, to observe the reseeding of «long: 
isappeared oyster shery, which ell to over- 


Spirasin Time 
“Th Secret Life ane Curious 
‘tori of Sashes 
Helen Seaee 


‘Shing and pollution, We fellow as she visits 
1 women’ oyster farming collective in the 
‘mangrove roots of The Gambia, « program 
that has empowered the women involved, in 
the face of rampant gender discrimination, 
‘and to Taranto, an island inthe Tyrrhenian 
Sea, near Ia to investigate sea sk, a mys- 
tevios textile harvested fom the noble pen 
shell Along the way, we learn oumerous 
facts: how mollusks make their shells how 
cpsters mate; and why, currentiy at leat, 
‘most shells spiral to the ight (The gene that 
controls spiraling in smal shells isthe same 
gene that controls asymmetry in humans 
fexempliied by the leftsided placement of 
‘he heart in the chest) 

‘Carefully Tesearched and entertaining 
throughout, Spirals in Time is never dul 
‘My only eiticem, and it ie a gentle one, is 
that such a visual subject is accompanied 
by so fow images. The art of Aaron John 
Gregory graces the cover of the book and 
‘pears occasionally trughout. But it is 
‘ot eno 

“At one point, Scales write ofan efficent 
‘wood-devouring mollusk named the ship- 
svorm: “Admittedly, they ate wormlike in 
pearance, but at one end they have an 
‘unmistakable pair of shells revealing their 
true ideatity—a type of clam” In fact, the 
shipworm has sent entire Neets othe ocean 
‘oo, fled with bore holes like wheels of 
Swiss cheese. But no mater how hard 
bent my brain tothe task {simply could 
‘nt imagine whit a shipworm looks lik. 
I hegan to overwhelm me in the way that 
smal things sometimes can 

Eventually, on Google, I found enough 
photographs of shipworms to satisty my 
‘curiosity A short time late, E was diverted 
again: I spent a whole hour watching You: 
“Tube vdens of naked hermit crabs electing 
er shells to inhabit. This cannot be com 
sidered a shortcoming of the book. tn the 
end, itis the strength of a work lke this, 
Seales book is so relentiesly interesting, 
you wil have to prop it open on a laptop 
5 1 did—a keystroke away from images of 
shipworms, mating oysters and every other 
strange, shell<lad inhabitant of the oceans 
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RESEARCH ETHICS 


The safety dance 


A researcher takes aim at the committees charged 
with protecting human subjects 


‘iy Lalnle Prledman Ross 


‘bert Kiitaman opens The Ethics Po- 
tice with a personal ancedote about 
his father's death. He describes how, 
in his fathers final weeks, the physi. 
cian offers his father chemotherapy 
that he admits is a "bt of an exper 

rent” Kitzman, a newly minted physician 

himself, encourages his father to try the 

‘eatment. The drugs succeed in norm 

ining his fathers blood count, but the side 

effects Kill him, Kistman claims the phy 
sician used the infamous adage "The ex 
periment worked, but the patient died” to 

‘explain the outcome. The story is 

fad, and Kiiteman clearly struggles 

‘withthe role he feels he played in 

he father's decison, 

"The Ethiee Police examnines prob- 
tems in what we in the United States 
call institutional review boards 
(QBs), mown globally as research 
fthies committees. IRRs are com- 
mittecs charged wit protecting the 
rights and welfare of research par- 
ticipants. They are the mechanism 
by which the goal of advancing se- 
fence is balanced with society's = 
sponsbilty tm protect the human 
Participants on or with whom the 
esearch is performed 

‘The problem is that no matter 
‘what problems exist in IRB, fixing them 
‘would not have saved Klitzmans dad, The 
physician, we learn, offered an informal ex- 
periment_to try some medicines approved 
for other conditions in whats known as "off 
label” preseribing- Such experiments are not 
‘considered “research” and are thus beyond 
the domain of te IKE, 

Had Klitzman's dad been offered en- 
‘ollment in a clinical tial using the same 
drugs, the experiment would have fallen 
‘under IRB jurisdiction, and the physician 
‘would have hd to provide a more compee- 
hensive deseription of the risks, benefits, 
and alternatives. The same decision may 
have been made, the same outcome may 
Ihave sadly occurred, but Klitzman's dad 
‘would have had greater protection if nly 


Decanse other physician-colleagues would 
Ihave Been aware of what was being offered, 
the consent process would have been more 
thorough, and Klitzman’ father would 
Ihave been informed that he could with: 
draw at any time. 

Despite the fact that his father's treat 
‘ment was beyond IRB review, this experi- 
fence colors Kitzmans views on the current 
state of human subject protections. His 
dissatisfaction is compounded by his frus- 
tration with the obstacles he has experi- 
enced in getting approval for the research 
be planned to conduct for this book. Most 
‘would eatagorize the proposed interview 


nett ree board come under lac eemingy 
imecssry nd arbres on researches Te Es Pale, 


format as being of minimal risk tothe par- 
ticipants and approve it in an expedited 
fashion. Instend, Klitzman’s proposal was 
subjected to fll IRB review. This may not 
be surprising, given thatthe reviewers were 
tential participants 

‘Klitamans overall these is right: IRBs 
are flawed. He is ane af many voices erit- 
‘izing the inconsistencies across IRBs and 
their seemingly subjective interpretations 
ofthe federal regulations written to protect 
Jhuman subjects. He astutly points out that 
IRB members may not appreciate the costs 
‘of requesting protocol changes, particulasly 
‘when these changes go beyond the regula- 
sions’ requirements. Such changes ean lead 
to differences Between sites that make re- 

rch comparisons more complex. One it~ 
portant insight he glans from his esearch 
fs that IRB members justify this variability 
fon the grounds of "local knowledge” In 
practice, however, this leaves researchers 


“he Ethies Polis? 
The Struggle take 
Human Research Sate 
Rober, Kitzman 


Vulnerable to the idiasynerasies af indie 
dual IRB members, Kitzman supports a 
‘more centralized review proces, although 
Ihe concedes that this saat a panacea fo all 
that is wrong with the system. 
itaman convincingly shows that IRBs 
underestimate the actual thority they 
have. He argues for the need for checks and 
balances, pointing out hat many researchers 
pereeive no appeals process when their IRB 
equests protocol or consent changes. How: 
ver, he also notes that "these interviews 
‘aught me that committes frequently make 
suggestions or express concerns that are ne- 
sotlable, not incontestable” and that many 
‘of the IRB personnel he spoke with 
‘were amenable to reconsidertion. 
iitman persuasively shows that 
Rie need tobe more transparent. 
Although wary ofthe authority of 
Ins, Ktzmian concedes that some 
‘expansion beyond current regula- 
tory protections may be needed. He 
scitcizes the regulations’ exclusive 
focus on individual harms, anguing 
‘that ignoring group harms ean lead 
Ts to approve research that may 
ceacerbete health disparities. He 
alo critiques the fact that IRBs tend 
to foeus on nitpicky changes to con- 
sont forms, wile falling to monitor 
the consent process. (However, as he 
acknowledges, there i no regulatory 
requirement or funding for this typeof over 
Sight, and this would signify farther expan 
sion ofthe authority of IRBs) 

"The book is well written and accee 
sible to a broad audience, but those who 
have served om IRBs will find it lacking 
‘itzman defensively objects to those who 
discount his research by laiming that “only 
studies that direetly observe TRB are rel 
vant: I dont dicount his keen insights 
although I believe the book would have 
ben strengthened if he had observed com 
mites in action. Consider the analogy of 
‘a baseball commentator who interviews all 
the players, coaches, umpires and fans but 
has never watched the sport being played. 
His comments may miss some important 
‘completes and nuances of the game. 
Likewise, this is true when one is trying to 
understand the IRB system. 
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Meeting of the minds: 
Send your stories 


"THE PATHE FROM Gila monster yenom ta 
the diabetes medication Exenatie runs 
‘through an American Diabetes Asoeation 
meeting in 1996. There, Department of 
Veterans Affairs researcher, endocrinalo- 
sist, and Golden Goose Award winner 
Dr.John Eng presented results on how a 
‘compound in Gila monster venom affects 
insulin prodction, catching the attention 
‘ofa small biotechnology company, Amyiin 
Pharmaceuticals. After receiving US. 

Food and Drug Administration approval 

in 2005, the resulting drug Exenatide is 
‘ow used by millions of people ro manage 
"Type? diahotes. 

‘The story of Dr Eng and Amin is just 
‘one of many-—spanning al science and 
‘technology diseiplines—that exemplify the 
{important rle of conferences in advancing 
science, developing the next generation of 
scientific alent, and bringing new tech 
nologies and potential cures to the benefit 
‘of society. 

In 201, the White House Office of 
‘Management and Budget instituted new 
government-wide regulations () that 
substantially eut spending on conference 
participation and travel and require the 
senior Ieadorship to review ageney-wide 
‘conference costs that exceed $100,000, 
‘with more stringent requirements for casts 
In excess of $500,000. At current prices 
{or travel and lodging, this would cover 
the eat of only a few hundred attendees, 
‘whereas the Departments of Defense and 
Energy each employ over 100,000 scien- 
tists and engineers either directly or as 
‘contractors. The US, Congress has further 
limited travel to international conferences 
to 30 employees per agency for most agen- 
ios. In response, federal agencios have 
‘developed costly tracking and approval 
systems, and approvals now often require 
more than a dozen signatures 

‘Under these new restrictive regulations, 
members ofthe scientific community 
‘employed by federal agencies have been 
subject to approval processes that have 
ballooned from weeks to as much as 9 
months, and some seientists and engineers 
are now choosing not to request travel at 
All The Government Accountability Ofice 
(@) and White House Office of Science and 
‘Technology Policy (8) have shown that 


this has led to reductions in conference | community; not fancy junkts. So today, we 
participation among these colleagues, to | and our colleagues are reaching out 10 ask 
the detriment of science as a whale, for your help. 

"This is why we and our colleagues in "Tellus about a collaboration that started 
the science and technology community | ata conference and led to an exciting new 
recently wrote a letter discovery, oF how an 


tothe US. Congress 
expressing our deep 
foncerns about the 
stifling impacts of these 
polices on science 

and engineering, and 
encouraging them to 
act (4). The eter was, 
signed by more than 
100 organizations and 
institutions that eol- 
leetvely represent and 


{interaction at «confer: 
fence wa eriticl to your 
feareeras a young scien 
tist or enginecr Because 
current regulations 
affect federal employees 
fand contractors most, 
sve especially encom 
age stores that involve 
collaboration with cal. 
Jeagues at national Tabs 
lor researc institutes, 


support millions of Submit your experiences 
Slentists, engineers, and mathematicians, | at wwrwaaas.orgyourstory (3). 

‘We hear from policy-makers in Congress. | James FAlbaugh,"* Joseph R. Haywood, 
and regulators a federal agencies that cur- | amen Jeffrtes Toyohike Yatagai* 
rent problems stem, in par from alackaf | acer ject ons nt 
‘understanding of why scientific and tech ‘Arora stan VA2OIOL UGA Pesiel, 
‘ical conferences are important pars of fatten of Arc Sei lr opr 
the work ofeach and every member of our ‘Baby Sees MD 0804 USA reset 

ONLINE Buzz 


Recommending women 


‘her Etorial “Give women an even chanos” (8 May, p. G1), Marcia MeNutt 
turges those writing recommendations to search thei eters for biased descip- 
tions of women, such as nice” “humble” and “able to balance research and 
parenthood. In the comments section, some readers lauded MeNutt's warn- 
ings, whereas others felt they were misguided. Excerpts from their comments 

are below Read the fll comments, and add your own, at htp//eamments 

scienceragongjeontent/10.1126/sience anc, 


Ascleetion ofyour thoughts: 

‘elt isso sttking how the expectations for women differ from those for men, and 

‘an so cally place them at disadvantage in the science career pipeline. 
‘MaryAnn MeCabe 


Thank yo for pointing out that this basis eld equally by women and men, We 
an hardly expect mon to understand the importance of shedding this his if women 
‘to not. Lorraine Alrition 


it would bea simple thing to transate “ics for example to more grant-relevant 
Tanguage such as “isa good mentor in the lab, ins the ime to asist others, and 
‘evates the work of those around he” “Amanda Siegel 


sve should acknowledge that bins eats both ways, An averemphasis on 
Driliance creativity, hard work, insightfulness, and leadership, at the expense of 
‘humility kindness, and friendliness, wil select for a dstint personality in the 
next generation of scientists (a persanality that 'm not certain [would want to 
associate with)... Felix Vajidos 


Its unrealistic to expect referees to write unbiased leters of recommendation. It 
iS up to committees to use such letters careful. ‘Maria Hotcel 
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Reviewing Einstein 


THE NEWS ARTICLE “Einstein eschews 
peer review" (E. Conover, special issue 

‘on General Relativity 6 Mare, p, 1002) 
tld the story of Einsteins withdrawal of 
| paper ftom the Phyrical Review in 1996 
after he received seriteal anonymous 
reviow: AS an update tothe story recently 
noted (), one af us (D.K) has writs 
‘extensively on the subject. Here, we pro- 
‘ide more information about how Howard 
Porey Robertson was identified. 

[As ofthe mid-1090s, the editors ofthe 
Physical Review did not have records old 
‘enough to provide information about the 
referee's identity: Einstein himself provided 
clue: He acknowledged the helpfl advice 
‘of Robertson in the published version af 
the paper Robertson's documents at the 
(Caltech achive (2) include a letter writen 
bby Robertson to John T. Tate Sr, the then- 
editor of Physica! Review, which strongly 
suggested that Robertson was the referee 
(hough naturally; Robertson did not reveal 
as much to Einstein) 

1n 2005, MLB, then editor in-chie of 
the American Physical Society, realized 
the significance for Einstein scholars of a 
recently discovered early log book of the 
Physica! Review. The log book included 
‘records on all papers submitted to the 
journal in the 1990s, including confirma- 
ton that Robertson was the referee of 
Einstein and Rasens 1936 submission. The 
information coold be made public because, 
after 69 years, none of those involved were 
Still living. New materials have sinee been 
‘eposited in Robertson's Caltech archive, 
including the entre exchange between 
Robertson und Tate (2, 9), 

Daniel Kennefiee* and Martin Blume! 
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TECHNICAL COMMENT 
ABSTRACTS 


Comment on “Asymmetric syntheses 
‘of sceptrin and massadine 

land evidence for biosynthetic 
‘enantiodivergence" 

David H, Sherman, Suchiky Pukemat, 
Robert S Wiliams 

2Mae al. (Reports, 10 October 201, p. 
219) report asymmetric syntheses af 
Sseoptrin und massadine and, through 

a stereochemical reassignment, claim 
to“"uncover enantidivengence as 

sew biasynthetic paradigm for natural 
products” We challenge and elarify this 
‘lam with relevant examples fom the 
erature ofthis wellknown phenomenon 
of enantidivergent congener biosynthesis 
‘within the sume producing organism. 
Fula athtp edo. o7g/10 28 scence 
an0u9 


Response to Comment on 
“Asymmetric syntheses of sceptrin 
land massadine and evidence for 
biosynthetic enantiodivergence” 
‘Ahigng Sa, Xiolel Wang, Xiao Wan, 
Rodrigo A. Rodrigues, Cuts E. oars, 
‘Shugnh Gao, Xienghul Tan, yoo 

a, Amol Rhein, PES Barn, 
Chia Chen 

‘Sherman eal. commented on the 
precedence of enantiodivergence, listing 
‘number of eongeneric natural products 
‘with apposite chirality. However, these 
congeners” are not derived fom. 
cnantiodvergent binsyatheses. Instead 
they are antipades arising from separate 
enantiomeric bisyntheses A distinct 
feature of the biosynthesis ofthe eycic 
prvolesmidazole dimers isthe production 
‘of antipodal congeners without the 
corresponding enantiomers. 

Fula athitp edo. or/10 26 scence 
ans0626, 


TECHNICAL COMMENT 


ORGANIC SYNTHESIS 


Comment on “Asymmetric syntheses 
of sceptrin and massadine and evidence 
for biosynthetic enantiodivergence” 


‘David H, Sherman,’ Sachiko Tsukamoto,* Robert M, Willams" 


Ma eta. (Reports, 10 October 2014, p. 219) report asymmetric syntheses of sceptin and 
smassadine and, through a stereochemical reassignment, claim to "uncover enantiodvergence 
{as a new biosynthetic paradigm for natural products” We challenge and clarify his claim 
‘ith relevant examples rom the Iteratire ofthis wel know phenomenon of enantodvergent 
‘congener biosynthesis within the same producing organism, 


2. al reparted imprsive gts of 
the bis guanidine aballds septa and 
‘mason (D. Examination of the sbso- 
lute configurations ofthe sync and 
‘aura materials reveled that septa 

nd massain, yess glen hve mismatch 

‘Salty. The autor coe tat they -upener 

fenantodkergnce as new boil: paradigm, 

‘natural produc und “Ahough enastamese 

blagntiel that produces both enantiomers ot 

‘natural product has ben reported (2), ena 

divergent baste that produces opposite 

enantomers of matural pods as angen de 

Sexe herein uninewn.” Unt, ese 

atements overiook a substantial body of Ie 

ature unambiguously demonstrating that this 

‘hesomena is well naw. The authors work is 

other afimution tha nature has evolve em 

federgentbigses lading to new scond 
fy meabnle dversty. The genes postulate 

(ig: D accommodates the rearigned stereo 

‘chemi, providing a working hypotheses for 

Detimetal Yerifaon (1). AR eongenese 

‘metabolites with opposite chirality have been 

‘snfimed thrvgh this work, the detals of te 

blsynhesepaways to these allalads remain 

nko 
‘Numerous examples of enantodwergent bi 
synthesis producing congeners of opposite ab- 
flute stereochermlstry and dstintfemework 
connectivity within the sme producing orgs 

‘ism are wellknown 2); anoneshaustivelist is 

shown in Fig. (3-1, Little is known about 

the intreste genet, boesalye and meh 
iste details of how enantiomer or pseudo 
fnantlomerie metabolites, are constructed, 

Corbolsted congeners inthe same, as well as 


Aisin xiao ses presumably derived fom 
the same para or via parallel patways—are 


Oran aX v4 85 BF 
meri ab)" HB 
hatrtn te) XV “he 
Dapianmide A (kd) X.Y" = OH, 


evident nduding the biogenesis posta by Ma 
(©, Pasudoenantiomere congeners encompase 
spate ales of metabolites, netuding poy: 
‘tides, terpenes allalods, and amino aed de- 
‘vatives, Paeude-enantlonertedastereomeric 
congeners (2,10, 1, a8 wel as instants of nt- 
‘rl produets sharing structural ote f oppo 
sie absolute stereochemistry but differing in 
‘ubsituton paters and aidation sates, are 
‘Known (Fig 2) Lignans devived by the homo- 
Alimeriationofnnamic alcohol units spats, 
te partic relent, with (+}ringaresinal 
fd (-blrpesinol rom Dios eden and 
Waseoemia eliptia being salient examples 

Ina patel interesting system, Shen and 
chess) demonstrated that nonactin and eon 
‘nes are bisysin in Sponges risus 
ty’ pal of enanicepsti pathways, which eon 
struct ()-and (panacea a well as both 
‘nantiomers af the higher congeners homo- 
‘nati ald and bshomonenaeti ald. The 


‘acrotetroldes ate assembled fom thee ap- 
pent biochemical conparmestaled, ena 
Somer fagments Fg 3) 


Ageia (2% Y= 
Bromengletern (9) YH 
Diromecglern ie) VV? = 8:81 


Maseain (2:04 
Missin hl 0) X01 


Fig. 1. Propoted enantodlvergent blogenesis. esisigrmant of ratunl product stereochemistry 
formed the has yon wae ta postulate tha Bey ofthe maesadnes and agelfern 
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pape TO yo 
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mene tm  ROURC ae =O) 
se ont es ae ee 
PRE At aes 


(Horreet iiss Pa 


(epi 
hea octets (49), Wastoomla aliptea (2-5) Ct eae fe 


Tsvammenanrs 
Perici sp. 11832595 2, 14) 


ou om met Foy 


Fig. 2, Pseudo enantiomeric natural product congeners co-slated trom the same producing organism 


an enantiospeciic oxidase o eduetase)sano- 


° on 8 oH thr cae ho copra of tl. 
oa ee pete dohoks peel ee 
Ho’ oR HO" ‘0 R ‘means by whieh partially racemic natural pro- 
Yarn he Belated one 

: Ep 
(128, 3A. 68,88) (oy(28, $5, 68 alltel nl abl, ch a 
somes [ Neaatonc aM vee tant Rate a 
mononacke Acid ‘inf pendrin ater oe 


Benen ASG F 2ners fom the sume bist ata with 


fy oe = Stacia cue ppt che onan 
Nenactn, =P {2 fda cmp Pothn sp noe 
a pena. BecBe Re ReNe ,, | Chis wnt panier ad the 


Dean a Ee Recreate. | Seid cangeses (bers B and 


(Ppstephucdin Ain Aepergiian verse (i) 
Trinactin, Ry=Re=Ry=El, Ry=Me | “in coveral instances, enantiavergent gene 


Tetranactin, Ry=Ry=Ry=Ry=Et | esters that dict congener sony tetao- 

te bioeynthesis spear in dara organisms 
tf lstinct genus pes a are ot rested 
section. Evolutionary selection pressure must 
bethe obo driving fone for the diversi 
‘on osecondary metabolite suture and stereo 
Pant rpenalds suchas copy prophnsphate | tiomers of CPP, the core substrates fom which | chemist: with enanbdlvergenee being among 
(CPP) derivatives, constitute various fanlles of | numerous terpenoid congeners of opposite ab- | the palette of nature's tool. As more natura 
‘srboluhle pseudoenantiomere congeners, with | Selutestreacemitry ase (7-10) Indeed many | products are dented fram the vast reservoir 
fentsurene and @,3-epocrlabd-H-ene from | tepene glats have been documented tn pr- | ofas-yerundlscovered organisms on earth tis 
Marrubiun culgare and the production of(-)- | duce raceme or partly raceme metabaltes | tantalizing to ponder the adaptive importance 
blll aed andthe ubigutous plant hormone | (2 demonstrating further mechanism where- | of the evolution, conservstion of genes, and ap- 
berlin A12from spruce rees Pena glauo | by nature dersifis secondary metab steso- | patent dstibution of genes betveen oganisis 
Sind P-azhenct) being Mustratve Its well | chemsty. Sdectvecaaholim atalringafone | that dvi secondary metabolites structurally 
‘known that higher plats produce both enan- | enantiomer ofa blsyathetie raceme (e, by | and sterochencall 


Fig. 3. Macrotetrolide biosynthesis Ensctiodiegintbosynis ot mance 
ofthe matters (3) 


and sembly 


Although litle fs understood segarding ge- 
etic and lochemieal mechanisms tht contol 
nanteseletity in pathways generating ena 
tHonivergnt congeners, preliminary information 
‘emerging (7-9, 416). For example, genome 
sequencing, gene duster mining, and annota 
ton of enzymes specithing the biosynthesis of 
(Chstepaedin A and (2}rerscoamide reveal 
‘gh amino add sequener identity (79 10 8%) 
‘between every structural pathway protein 15}. 
Here, enantodivergence is leary a result of 
orthologous divergent, rather than paralogous 
‘cnvergent evolutionary processes. That nature 
‘ean interrogates stereochemical diversity i 
the contest of structural diversity i fim ex 

‘ublshed, and many more examples are ante 

pated. The intresting pymoleimidszle aids 
(provide a prowoetive working hypothesis 
‘om which t vestigate the pute esstence 


of yet another striking example of enansialve- 
fet congener biosynthesis. The calm to having 
fiscmered enantiodvergent congener biesya- 
thesls must be tempered inthe contest af suh- 
stan body f published eedence dating back 
four decades 
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TECHNICAL RESPONSE 


ORGANIC SYNTHESIS 


Response to Comment on 
“Asymmetric syntheses of sceptrin 
and massadine and evidence for 
biosynthetic enantiodivergence” 
hglang Mt" late! Wang Xiao Wang? Rodrig A. Rodrigue? 


Curtis & Mfoore,* Shuanhu Gao," Xlanghul Tan," Yuyong Ma," 
Arwold L. Rhelngold,? Phil 8. Baran.* Chuo Chen" 


‘Sherman et al. commented on the precedence of enantiodivergence, isting a number 
fof congener natural products with opposite chirality. However. these "congeners" are 
not derived from enantiodivergent biosyntheses. Instead, they are antipodes arising 
from separate enantiomeric blosyntheses. A distinct feature of the biosynthesis of the 
cycle pyrrole imidazole dimers isthe production f antipodal congeners without the 
corresponding enantiomers. 


found tat ete yeti a 
ters tin nae a wo ets of nae 
‘mes (7, Un adhe natural pede 
all the (342) dimers exist in one ena 
mere form, whereas al he [22] and 
(43 mers hve the poste ciaiy.liough 
{he ogy panes of these allallds have 
‘ot been genetically character merging 
ence suggests that they are ascombled from 
‘wo moleeles of prolesinidazole monomers 
‘through singeslearon wanserSET)-promate 
‘elon resetins (2. The [2-2] and F+2] 
‘eloadtion rescons oF ge and that are 
fntpalal to the [32] eyelet 4 Fg 1 
This “eantiodiergent” Biosynthesis shuld not 
be confised withthe enantiomer oes 
‘hr generafon nautones~for erp} 
(Hina diphosphate (6) om gran phos: 
‘hate (5) (Bg. 1) (9). The two enandamers at 
Timonene (7) and earvone (8) ean futher be 
produced fom 6 Uiough stereoselective el 
ation und oxidation restons, 

Weastr wh Sherman af () tthe work 
of natal products fl of enantimese de 
Sy, alhough st tual prt re prods 
‘only one enantiomer orm. The tepene dst 
of motels, in parca, has long been ree 
‘ognized to exe with a wide varety of tial 
‘ries, Serman and Willams, together wie 
Fineeld an Kren, have reviewed stoic 


[A enantioivergan bonynthesis 


B enaniomere bioyntnene 


Jn which we ced in (9, We note that enan- | ML 
‘lomeric biosynthesis has albo been referred 19 


Ptenctotsnt Dit dt 


ek 


i Somme com 
we 


5 enantiodlvergent biosynthesis at mes, and 
{ere are no clear dfiitions for these tems 
‘Within the scope ofthis dseussion, we use“ 
biosynthesis only wien the ex- 
ning sep (es) bifurcates in both 
solute steochemisuy and framework ene 
‘iy For an es thst generates enantiomers, We 
pay the te “nantomar besos. 
‘Sherman ea, commented that numerous 
‘examples of enantiodivergent biosynthesis ex- 
{St However, het Uist of antipodal congeners 
represents additional eases of enantiomer lo- 
syuthes For example, (+) seeusoarcresinal 
‘nd (-}anatiesina are presented as antipedal 
fnmgeners, but the opposite enantiomers (~~ 
Secrslainsoa and (+}matalresinal also ext 
| nature) ataresinl actualy comes from 
secoisoarcresinol through enantospeiicox- 
‘aon by NAD-dependent seenolariaresna 
‘dehydrogenase (9), Likewise addtional ‘antpo- 
‘al congenes in ig 2in(4)are mostly atipodes 
aig from wo sepuate enantiomeric bey 
‘heses instead of divergent bond formation with 
‘opposite fail select. The enantiomers of 
(sesamin, (~)-ringarsinol, (-Hatcesino, 
entkaurene, en-pinare808) ene, spina. 
"sllene, (able ac, -> stphacn A abd 
(yversicolamideB canal be found in nature 


has 


ae oe ‘a . 


f 
ccm 


assis rtm 


ve 


Fig. 1 Enantiodivergent versus enantiomeric Mosyntheses Fnatiodegent bosythess (A) lads 
{othe formaton ofartnods congener, whereas anartomerc bosyrhess (8) procures enantoners 
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Fig. 2. Biosynthetic path- 
ways forthe reverse pre- 
ylated indole alkaloids. 
(i) Brovanamides A nd 8 
bbosyrines. () Paraher 
‘quamide & ana VNSS599 
bosyniness. 


he Wine 
op 2 (spread (4) 


‘poses 


(6-8). Asto nonacin the biosynthetic ed is | (2. Feeding experiments support the notion | 21 fet 


the formation of(+)-and (--nonactie aca (5). | that 16s a biosjathetic intermediate of 18, ego Se U5 0) 

The revise prenated Indole alkaloids are | In esing i efscinating that bustle | * 0 Shemn.S Tata ane 8 8 
‘nriguing fungal metabolites that nice show. | eds ean generate opposite enantiomers af nat | 53g hn WA Co, PB, MG Les 
ce the molecular complesy and avery of | un preducts ft seven tore perplexing thatthe | * SS. enim aesnes col 
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‘also arise from enantiomeric biosynthesis be- | pyrrole-imidazole dimers. To date, all optically | yu 0 Vinge, 5 6 Fania, Focher Pylosematy| 
use th dss the Died eto af be | Chartrand or} dimers an anor antipe | °c 
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‘then idle fom the same fice of he indole tn | ing sponges This mismatched chiral relationship | 115020370 
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ANIMAL PHYSIOLOGY 


Laid-back bamboo eater 


ancas are members ofthe onder Carnivora re 
entry herbverous, ving almost exclusively en bam 
bon, nike mort other herbivorous specie, however. 
their digestive tract has not evolved the long tists and 
tums that facitae the slower digestion necessary for 
ulose-rich pants Nee a. measured energy experelture 
inboth will and captive pandas, which was extremely lov. 
relativetoather mammals The pandas’ thyroid hormone 
levels ar also fraction ofthe mammalian qorm.— SNV 


Bumblebees are failing to move \ 


northward ina warming world 


Kerr ea, p17 


PROTEIN STRUCTURE 
Structure of a 


sterol sensor 

“The aberrant accumulation o 
sterols contributes to heart 
attack and take, Two proteins 
embedded inthe membran 

bf the endoplasmic reticulum, 
Insig and nig'2 are key 
playersin the cellar pathway 
that regulates celular sterl 
levels. Ren etal report the 
homolog of nsig. The struc: 
ture. together vith biochemical 
experiments. suggests how 
Insig interacts wth ther com 
ppanentsof the starol regulary 


ALZHEIMER'S DISEASE 

Protecting neurons 

from amyloid B 

Inthe developing nenoussys 
tod poten Resin 


eles ta gue migrating neu 
rant ther correct destination 


rons from areyloi to 
umlation of amy 
causes the neurodegenet 
characteristic of Alzheimer's 
‘dente. Te avoid the develop 
‘mental defects assacisted wth 
Lane Donovan 


against amyloid ne 
inva, — WW 


GALAXY EVOLUTION 
Black hole out of 
kilter with theory 


jeved that black hles and 


back hole athe star forming 
fos Trattenbrotet a Joked at 


figh-redsht galaces whenth 
2 as only about 2 lion 
i They founda black 
hole that developed ta maturity 
‘much earlier than would be 
expected and was about 10% of 
the total galactic mass—much 
‘more than expected. Moreover 
Star formation continued after 
lt wauld hava been expected 
tostop 150 


WATER RESOURCES 
Continental global 
water filter 


Mobile surface waters and 
reralatively discon 


nected ona global scale. Water 
fn lands eventual inst by 


Sstmosphersthraugh evapo. 
transpiration proce 


water taken up and transpired 
by plants (see the Perspective 
by Brooks). Although usta 

‘mal ration of global surface 


at rough so 
Invi stream ecosy 
may be affected by water quality 
‘hanger near <0 
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Acoat of many 
‘components 


Making jack 
jump efficiently 


“Missing magnetism” 
puzzle solved 
Toespisinptonusn’scoml 


Spectroscopy and fount 
‘but dynamic: the finger 


dant DEVELOPMENT 


better way to explain 
neuronal activity 


Geometry and 
virus evolution 


dectrom LP 


Planaria have model kidneys 


ndvidule wih pol 


“ nothtimnenhow btenea 

profes | evokes ar muchas previously 
pectinuensa | sssumed 

seo | (Mis)matching tumors 

Teo | to immunotherapy 


0 IN SCIENC 


SEALEVELRISE 


Wie know thatthe sea evel 
Wwlrise a8 cate warms, 
Nevertheless, accurate projec: 
tions ef ha much 283 lave! 
see wlloceur are citficult to 
‘make based solely an modern 
‘observations. Determining hw 
ice sheets and sea level have 
‘Varied in past warm perieds 
canhelpusbetter understand 
hnow senstive ice sheets are to 
higher temperatures. Dutton st 
al review recent interccipin. 
ry progress in understanding 
ths sue, based on data from, 
four diferent warm tervals, 
‘over the past 3 milion years. 
‘Ther synthesis provides a clear 
Dict ofthe progress we have 
made and the hurdles that stil 
vist, — HUS 


va vaceines 
Stops inthe right 
direction 

HIV mates api making 
itdicut ta desma vaccine 
that wl protect people ast 
allt the virus doratione 
Apotental sucess: 

ene design might protec by 
‘toting broadly neutralizing 
Snibodes (ONADS). which 
target speci regions on Hs 
ther envlope gyeopralen 
(Er ee the Perspective by 
Masco), Jane eat used 
mice engneerectto express 
ermine reveres heavy chains 
Sta parca ENAD and immu 
ried them than Er based 
immunagen designed to ind 

to precursors tat AD 
Sanders a-commpared rabbits 
and monkeysimmunizd wth 
Enw trimers that adopt a nate 
tka conformation. In both care, 
immunized animals preduced 
bodes that shared sai 
tis vith ENAbs Boosting these 
mas wth ather mmunagens 
tay drive these anodes to 


further mutate ino the long 
Sought ENAbs. Chen et. report 
that retaining te cytoplasmic 
domain of Erw proteins may 

be impartant to attract bNAbs, 
Removing the eytalasmic 
domain may distract the 
Immune response andinstead 
generate antibodies that target 
epitopes on Env that would not 
lead fo protection — KLM 


uwnovocy 
Single-cell measurements 
‘map immunity 


Mattie characteristics of 
Incival cls define cell types 
and their physiological states, 
Spitzeret al. quantitated the 
abundance of 39 diferent cel 
surface prteins or transcrip 
thon factors on invcul eal 
ff the mouse immune system, 
‘They used these measurements 
tocreateamap that clustered 
sirular indie clint 
groups corresponding to cell 
{ype and function. Their exten: 
sible experimental platform vil 
Allow the nelusion of other cata 
types and data from indepen 
sent laboratones.— LER 


APPLIED PHYSICS 
Graphene-based 
biosensors 

The minor ici range 
is parteariy wel sted or 
bbocensing because encom 
pases the meter vabons 
{hat dent the aches 
buldng back fe sich 

2s proteins pis. and DNA 
However the resing opti 
Signal extrerely weak and 
often eies compen tech 
‘questo enhance the Disogeal 
Setection Rocrgoet at present, 
S graphene-base Biosensor 
that hey dynamical tuned over 
2 broad spectral range tru 
tetra gang Te aulhors 
Selectively probed ratein 


‘ad by Stella Hurtley 


molecules at liferent mid 
TRirequenciesusing a single 
cevce — 180 


ECONOMICS 
‘The heroes of the 
Industrial Revolution 


Die few great inventors and 
scents drive the Industrial 
Revolution, or would ithave 
happened regaress of such 
bllant india? Ina 
Perspective, Moky argues that 
the truth probably es n the 
middle. Only asmal minarity 
the population was involved 
increating and adapting the 
new techniques ard machines 
that wouldrevalutone the 
economy. Arecent study 
fstimates the sizeof these 
educated ete in French cites 
from the subscribers tothe 
Grande Encyiopédie. The more 
subeeribes there were na ity 
the faster was the subsequent 
process of inustralzaben. 
Modesn societies aiming to 
fester scientific an techno 
calcreativty may thus need to 
‘a mare than rate the levels of 
mats education. — JFU 


PLACE CELLS 


Memory storage in neural 
networks 


Neuronal networks ean store 
and retrieve discrete memories, 
butter falta retrieve stored 
sequences, Thsis because error 
{decreases overtime for astatic 
tract but bulls up rast 
tally ver time patterns are not 
trained ta retrieve themeeles 
but ta retrieve the next tem in 
sequence. Peer and Faster 
Stud bran activity in ava 
but mmabe rats Recording 
Simultaneously rama large 
umber of pace celsin the 
hippocampal formation. they 
found that internally generated 
sequences alternated between 
pads of hovering in place 


while bang strenathened, and 
Petiods of abrupt transition toa 
rewplace. PRS 


‘CLIMATE CHANGE 
Bucking the trend 


Responses to climate change 
have been ebcerved across 
‘many species. Theresa general 
trend for species to shift ther 
ranges poleward or un in ele 
tion-Netall species. owever, 
tan make such shifts, and these 
species might experience mare 
‘ald dectines. Kerr et a. looked 
tata on bumblebees across 
North America and Europe over 
the past NO years, umbeboes 
have not shifted northward ard 
are experiencing shrinking dist 
butions inthe southern ends of 
their range. Such falures to shit 
may bebecause oftheir origins 
Ina.cooler climate, and susgest 
an elevated suscepti to 
‘ald elmatechange.— SNV 


LUNG DISEASE 
Calming the cytokine 
storm 
“The mate immune responses 
poised to act quel inthe ace 
Ct pathogenic vader Hower, 
the priming can nce eytokine 
orm excessive production ot 
inflammatory cytokines that 
farm the fost Coon et nom 
teport that HECTOR. ub 
ti 3 tga, can degrade 
theanthiammatry poten 
PASI, emmancng thf 
matory eect People wha 
polymorphism nthe HECTDE 
ene exh lover tarmation 
fd are protected rom acute 
Texpratry dtress syndrome 
Moreover smalbmaecue 
instar of HECTD2 reduced 
lung infammation mice 
“These cbservations anoint 
HECTOR ara therapeutic target 
for ilrnmaton-induced ang 
injury ACC 
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SEA-LEVEL RISE 


Sea-level rise due to polar ice-sheet 
mass loss during past warm periods 


A. Dutton,” A. E. Carlson, A.J. Long, GA. Milne, PU. Cla,  DeCoa 
1B. P. Horton, 8. Hahmstor, M. E taymo 


‘BACKGMOUND: Altuough thermal expansion | is nontrivial and generally requires the use 
of seawater and melting of mountain gasers | of goophysial models. 
‘have daminated global mean sea evel (MSL) 
"ise over the lst contury, mass lass from the | ADVANCES: Intrdscplinary studies of gxo- 
Greenland and Antanctictcesheetsis expected | loge archives have ushered in a new era of 
to exceed other contributions to GML rise | deciphering magnitudes, rates, and sources of 
under future warming. To better constrain | scadeve ise. Advances in our understanding 
‘olaricesheetesponseto | ofpolarieshoet response to warmer climates 
BREEN vsrmertemperatures, we | tiave been made through an increase in the 
Fed he tare dwwonevidence from in- | number and geographe distribution of se 
Sihpyidial"" terglacial periods in the | level reconstructions, better ie sheet constraints, 
Siginsise/——genlogie eeord that ex- | and the reengition that several geophysical 
Sceneeataial perienced warmer polar | processes cause spatially complex patterns in 
temperatures and higher | sea level In particular, accounting for gacal 
GGMSLs than present. Coastal records of ea | isostatic processes helps to decipher spatial 
level fom these previous warm pends dem | variability in coastal sea-level records and has 
onstrate geographic variably beeause ofthe | reconciled « number of stespecfe seaevel 
influence of several geophysical processes | reconstructions for warm periods that have oc 
that operate across a range of magnitudes | curred within the past several hundred thou- 
land time scales, Inferring GMSL and ice- | sand years This enables st infer that during 
‘volume changes from these reconstructions | recent interglacial perids, small increases i 


“Temperature relative to areindustil 
-230 


x oP phy 


Pliocene 


400000 300.000 


Years before present 


Peak global mean temperature atmospheric COs, maximum global mean sea level (GMSL). 
and source(s) of meltwater. Light ue shading inacates uncertainty of CMSL maumum. Red 
‘le charts ovr Greer and Antarctica ero ration (no nation) oie retrt 


sfobal mean temperature and just afew de- 
sgeesof polar waning relative tothe preindus- 
{al period resulted in 26 m of GMSI. rise 
‘Mantle driven dynam topography introduces 
lange uncertainties on longer time sees, a 
fecting reconstructions fr time periods such 
tas the Plocene (-3 milion years ago), when 
!tmosphiericCO, was ~400 parts per mlion 
(pm similar to that ofthe present Hoth mod- 
sling and field evidence suggest that polar ie 
shots were smaller during this time period, 
nut becase dynamietopagraph an use tens 
of meters of vertical displacement at Earth's 
surface on milion year time scales and uncer- 
tainty in mode predictions ofthis signal are 
large itis eurentiy not possible to make a 
precise estimate of peak GMSL during the 
Pliocene. 


(OUTLOOK: Our present climate is warming 
tou level associated with significant polar ce- 
sheet loss inthe past, but a numberof cal- 
lenges remain to further constrain ice-sheet 
Sensitivity to imate change using paleo-sea 
level record. Improving our understanding 
ofrates of GMS se dueto polar ice-mass loss 
{s perhaps the most socealy relevant infor- 
‘ation the palsorcond ean prvi, yet roast 
‘estimates of rites of GMSL is associated with 
pol ice-sheet retreat and/or collapse remain 
8 weakness in existing sea-level econstruc- 
tions. Improving existing magnitudes, rates 
and sources of GML rise yl require a etter 
(global) distribution of seaevel reconstruc- 
‘ons with high temporal resolution and pre- 
cite elevations and should include sites lose 
to present and former ice shoots. Translating 
such sea-level data into a robust GAL. signal 
demands integration with gophysial models, 
‘which in turn ea be tested thro mproved 
‘Spatial and temporal sampling of coastal 
cords 

Further development i needed to refine es- 
timates of past sea level from geochemical 
proxies. In particular, paired oxygen isotope 
fand Mg/Ca data are currently unable to pro- 
‘ide confident, quantitative estimates of peak 
se Jove during these past warm periods. In 
ome GMSI. reconstructions, pola eset 
‘treats inferred from the total MSL budget, 
but identifying the specific ice-sheet soures iz 
current hindered by imited field evidence at 
high Ititudes. Give the pasty of such data, 
‘emerging geochemical and geophysical tec 
igure show promise for dentin the sectors 
‘ofthe ce sets that were most vulnerable to 
collapse inthe past and perhaps wal be again 
fn the future. 


“Coresponan ahs Em ait ue 
Cet psn fa Sco 
(is) ot nicest 
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SEA-LEVEL RISE 


Sea-level rise due to polar ice-sheet 
mass loss during past warm periods 


A. Dutton," A. E. Carlson, A.J. Long*G. A. Milne" PU. Clark,* R. DeConto,* 
1p. Hortun,®" 8, Rahmstort” ME. Raymo® 


Interaisciptinary studies of geologic archives have ushered ina new era of deciphering 
‘magnitudes, rates, and sources of sea level rie from polar ice sheet loss during past warm 
periods. Accounting for glacial isostatic processes helps to reconcile spatial variability 

In peak sea level during marine isotope stages Se and Il, when the global mean reached 
6 fo 9 meters and 6 to 13 meters higher than present, respectively. Dynami topography 
Introduces large uncertainties on longer timescales, precluding robust sea-level estimates 
for intervals such as the Pliocene. Present clmats is warming t a level associated with 
‘Significant polar ice sheet loss in the past. Here, we outline advances and challenges 
involved in constraining ice-sheet sensitivity to climate change with use of paleo-sea 
level records 


al mea see CASI) Ras ene | ony epai “11915 mo CMS ese forbe to 
the past cont, aly in eeponse to | [°C yarmingsocated wit ths prads 
fhtalyamming Coigm tte nse | ends fr former GMSeenng te acon 
foeen oan 20) (1) Toe response to | sees contin fom he el andor AIS. 
tba warming ica thermal eu | Understanding how pol ce sets ost ass 
sion of ocean water Sewell ema tesfor | and contbted to senile dunn past 
ules and eects allofwhihincrease the | warm ride on provide sighs into ae 
Colum ot water inthe acens and cace these | sth fo ciate cange, ae well ar consein 
1rve rie Heent GMSL ioe hs teen dom | processed medel used to poet ceabet 
inmsttytesepunsonandgaceries tua | teqone ofr cts ang, 
Cobecneyepan- wef ticobeened cnc | "May des aye ed data and/or mdelsio 
{71 The octet rom mas lo trom | determine the sent ee shee change 
{te cenlnd Gand Ante Al) kes | intepersie ramen COs energie 
tae incensed since the ety 1900, compoing | sae (2, 7-22), Ghen the rset increas ia 
“Towef etal ebsered sea GMSL. between | weebotsr aces (GHGS) and bal mean tm 
198 and 2030 (2) nd expected oexced | peta the post ke bets ae oo eu 
er cantboas ter fre sitaned won | am wih te cut eg para questne 
{ng fe, (2), Estimates fom shat eet tne | rearing tr ential recon To 
ohh atau asa olange | seleve se: () What the equlbu se 
Feordsbeense ofthe dominance often | lel he oa gen warming ear?) How 
‘asubity~suggst hat plricesbeet as may | dull wile Gels andthe AIS respon to 
compe sms seta eered | pst al Ate rade gn aed 
‘cin GMS betwen 2007 and 2008 (4). | wamlng and hat wl be the acompanying 
“These se posses contrbedtigher | rater ofc change) What ae the ers 
thanrpreset selves inthe past when goal | regions ofthe cease lows a factor ha il 
tnemn omgernie wae ware than he pet- | ston tence the poppe tern 
‘havi peod Qtr 120) Howeve, betas | fue exo! ange EF 
‘mountings and thental expson ean | "To adds the questions we ermine Loe 
car undertandng of estes responce dating 
——— = fast wa pre evong ag he pre 
Reem Stas bent) _ | sree ination ofr dscns In par 
‘iva wes Orgone Une, Cavalsof | Heulas, we consider observational evidence of 
S]ECUR Depnmot Sega tony | palo-sea level od ieesheet reconstructions 


Sane ik purest fateSores Guero” | oath mate leaeet and sad Earth meee 
Show hogs rae rane Gece; Fa each no prio, We def key eons 
‘lprinet flare rd Cl Snes Bulges signals that mast be quantitativey estimated and 
Ur ex Bec AOL Tt eroved om eat sea evel (RSL fer tothe 
Cray Ste anareTztcgel ies, | tga height of se ve reds n er to ner 


PEE acinn Gross eaceeoe tae) Bastchanges in GMSL(BoxD) Last we reew the 


cco caurs ay Paste aes usa | Sate of Rnowledge regarding the magnitudes, 
‘onzndn stn mck tad tes and source of sexevel rise during several 


ofthe most prominent interglacial peaks of 
‘he ast three million years incading the mid- 
"icesne warm psd [MPWP,-Smallon esa 
(ha, marine atop stags CMS) 1 [400 thane 
sand years ago a and MIS Se (“25a Fg 


‘Mic-Ptiocene warm period (~3.2 to 30 Ma) 
‘The MPWP comprises a seis of rbitly paced 
[t-thousand year (iy elimate eyes associated 
With etospbrie CO, inthe ange of 50 10450 
rts per milion ppm) 25 Peak bal mean 
temperatures derived ftom general culation 
‘motel simulations average 19° to 36°C warmer 
‘han preindusral (25) Some Aci temperature 
‘econstnctonsindlcte warming of °C or more, 
eres some Southern Osean rec suggest 
‘warming of to 3°C (7). However these tem 
erature estimates are uncertain and, in some 
acs, may ot create pres to te MPWP 
time interval. Both modeling and ld evidence 
suggest that polar ee shoots were smaller during 
the MW, but eonstrants an the magnitude of 
(GMSLmasima daring th warm extremes as - 
fered from RSL. reconstructions ate igh 
certain (25 

Inthe Southern Hemisphere the West Ante 
‘eee shoe (WAIS) experienced multiple reat 
fd advance phases during the Pliocene (2), 
Stats of erate debe IRD) get Ut oe 
‘ons ofthe East AntrcteIoe Soe (EAS) ex 
petienced retreat daring parts ofthe eariy to 
‘ile Placen 20, pparenty paced by reese 
Sonal (2-y) eyes 20, Inthe Northern Hemi- 
Sphere, thereat no fn observational constants 
fn changes inthe size ofthe MPWP GS. ee- 
sheet model, on theater hand, simulate retreat 
Inbodh Greenland (2) and Antretien (12) = 
Sponse imposed Pliocene climate fring, ais 
Ing GMSL. by -7 mand ~8 m, respective. 

‘Many early studies of Plocene coastal records 
cousidered Earth tobe rg apd inferred a une 
form GAISL rise across wide range of ee 
‘atlons [5 to 6 mee table Tn GH), Some 
Studies attempted to coret individual RSL. 
fends fo he inencs of lal tetonks oS 
Sldence (25-27, More reenly, Rayo ef a (18) 
formected Plocene RSL abserations for thee 
fees of laa isostatic adjustment (GIA), but 
the global Varablty inthe vation of observed 
shoreline remains substantal ranging over teas 
fa meters This is thought to be due othe inte 
ence of maniledven dynamite (Bax 
‘velar to uncertaltles inthe elevation and 
‘he age of shoreline features (8,28, 29 Improve- 
‘ments in mode parameters for GIA and dynamic 
{Oposap and in dating of coastal ecards ae 
fnwded to belterconstra estimates of Plo- 
‘ene ee level from coastal ecrds 

‘The amplitude of negative excursions in ben- 
thle oxygen isotope (60) records during the 
MPWP [-0.4 per mil (%) relative to the Hol- 
‘cene} (Pg. 1) may imply higher GOS. than 
today, but extracting the ie-solume signal om 
the a0 alee record remains a challenge. TYP 
sea analjcal ears in 80 measurements ans 
late to lange uncertainties in sa level (-210 0) 
‘Moreover, inferring ie volume requis that the 


wo suLyane. vou sty scEeat aaadOo1e-1 


Fig. 1 Stacked benthe a0 
With time periods discussed 


Dys 


Topography 


In text, Benth S40 (pean 
‘uve-LROd (22) proudes 2 


‘Ocean Dynamics 


combined signa ofc volume 
and temperature dep into 
the geologle past (106). 
Physlal processes that con 
‘wut ta RSL sgrals are 
Sepete as blue tars. The 
length of he ue bar 
cates timespan ver which he 
process s act: sheding 
notes tune intra where 
the proces ean rave the 
‘most signa nfuence 

tn RSL reconstructs, For 
example the rates of dynamic 
teapearaty ae slow enough 
thatit genealy is any 2 
Stgntieant fctr fr recon 
stcting older paleosnore 
lees as denoted by shading. = 


‘Stacked benthic 5490 (960) 


Quaternary 


Pliocene 


GIA can dominate pati L 
elpity RL across al ot rs 
these tne sales, 


contibution of seawater temperature andy 
‘dmgrapty tothe bene 80 signal is kaon 
‘The Mg/Ca ofthe Renthlecalete recom ean be 
sed to slate the temperature prton of the 
comesponding 60 signal, bat uncertainties in 
calration (30,2), earbonate ion saturation 
(2), dlageness of calcte (35), and longterm 
Seawater Mg/Ca vray (3 are significant 
Unt these effects ate better understood and 
able wo be isolated, the 80 pray records wil 
continue tobe plagued by ucertalnties sarge 
5 the signal We ae scking In ight ofthese 
fonsierations, the Mile al (4) peak GMS 
festimate of 21» 10 m atthe end ofthe EWP 
(C295 Ba) that is based on erence ftom non 
(Guveomected coastal cords, enti "0 (5, 
find pled 60 Mg)Ca recone probably cartes 
‘more uncertainty than the quoted ange 


‘MIS 11 (~424,000 to 395,000 years ago) 


MS 1 yas an usually ong interacial period 
(30 ly) with highly uncertain global average 
temperature [stints range rom slg eo 
cr than MIS 5 sce below) (38,37 up to -2°C 
‘warmer than peindustri (39) and aspheric 
(CO, peaking st 286 ppm ilar to preindstial 
‘ales (90), Lmitedprony data indent Artie 
‘snmer ouximuns rand seu surface temper 
stuns reaching up to and 9°C warmer, 

Sects than peaks tained duingthe Hoosen 
fr MIS e (40,4, Anta core anal ae 
Ge temperatures 2.5 warmer than pei 
{ol (2) late modes fenced by toto at 
(GHG ceoncenteaions daring MIS 1, however, 
smut on sgl warmer bal men tempe- 
‘atures (-01°C) than for the Holocene (8,43) 
‘Hen, fe timited pry dat are comet in in 
bing ened wart inte polar regions the 
nlabingeaue ofthe wamer dinates Guns 


300 100015002000, 


2500 2000 «3500-4000 
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Reconstruction of MUS 11 GMSL suggest tit 
‘easier than present Several ecards dose 
‘ment atleast part weteat of the GrS during 
MIS H suggesting that It contbuted to higher 
GGMSL Pollen in marine records fshone of suth- 
‘est Geenland indent the deepen of pe 
forest over parts of naw-iecoered regions (28) 
Likes, bomoleculs fom the base af the Dye 
Sleecore indlestes forested southern Greenland 
‘that could be from AS although the age of 
‘hese molecules is uncertain (45) eccation of 
Iceateet-eroded sediment discharge and IRD 
Suggests lee-margin retreat from the southern 
Greenland eoast (46, whereas continued IRD 
Aeposition In the northeast demonstrates the 
persistence of marine trminating ce over north- 
‘astra Greenland (47, Camparton ofthese con 
‘tains with forsee modes suggest that the 
GIS coud have contributed 45 to 6m to GMS. 
ise ove preset (46) Higher GNI esimates 
thus requife an Antareti contribution, but few 
stooge constrains on AS history ext fr MIS 
m8, 

any work on Interpreting MIS 1 nasal 
ons assumed a geographically uniform GMS, 
‘ange, with seadevel estimates ranging fom 3 
(49) to +201 (20) Ifthe rors areal the same 
gy, the lange range may lage elect gograe 
ple arab inthe RSLsgnal associated with 
GGlAand dynamic topography (Box and Fg2) 
For example, when comected for GIA, MS 11 
[SLinthe Bema nd Bama gions (-20 
hove presen) suggests a peak GMa only 8 
to 15 m abo preset (3) fevel tha woul r= 
quite loss of the Gil andjorsetrs of the AIS 
‘This etimat content withthe to I-ma 
«stimatebased on pleshorelis in Sout Alek 
‘hat hae been comet fr GLA eft and aa 
tectonic motion (5, 5). Overall mall ins at 


cridence sem to ae that GML Was 8 13m 
Higher near the end of MIS 

‘By eomparson, paired 90-Mg/Ca measue- 
ments of entrain suggest CSL. = 
lng MUST in exes of 4-20 8 above resent 
(3,58, altuough, a withthe MPWP reconstruc 
ons, the uncertainties on these estimates may 
Tbe much lyse: On the oer hand, the Red Sea 
lank 6°0 recom suggests that RSL. reached 
Just above present (L212 mat 20) (5, 58). Ad- 
‘ional contebutions from GIA and possibiy 
also frm dynamic topography othe il depth 
ff the Red Sea wer the last several Hunde ey 
that are not opted in the present reconstruc: 
‘on could impart additonal uncertantes The 
larg uncertainty and the lack of agement as- 
soci wth all oft 80 used cons pol 
‘othe dial in using temo igh eons 
sk GMSL during previous warm periods 
IMIS Se (-129,000 to 16,000 years ago) 

Ye consider the time interval of MIS se when 
CGMSL was above present (129 to Sa (8 57. 
elative othe preadusta period, model simu 
labios indeate ite global average temperature 
change during MLSs, whereas proxy data imp 
SPC ot warming, but with posible spatial ad 
temporal sampling ices (8) Greenland ten 
peratures peaked etween -5° 1 °C above pre- 
Industrial (9,62), apd Antaretic temperatures 
were -5° 1 °C wane 42). 

Shorelines that developed during the MIS 
‘5 scale highstnd ae the bast pusred and 
rast rorahicly widespread eed oa ih 
than preseat GISL during previous warm pe- 

id, Recent global compilations of RSL data 
combined with GLA modeling indeatethat peak 
‘GMSL was higher than the previous lang-tanding 
fstimate (to 6 min the ange of = to 3m 
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Fig. 2. Selected Holocene RSL reconstructions. Eestons and itrretation af sea evel index pois (luding eos) hve nt been mee ram the 
orginal pubeation, Radar ages wate comertd ta calrated des where naceasary, shay a alate years belo present» 1000 (ha P(A to) 
‘Ste estos and data sosroes a std in able SL () G-austed ea aval at Noth Caoina eatve ta a prensa average for 400 to 1800 CE Center 
nal) shows ates of present sete! chang ecuting fam GIA. base an IESG (125) and the VM Earth mode wt a 90-khick hosp, 


shove present, 2) im agrement with sit- | teat of the southem ser tthe same time as | (7) However dferences in tig may als be 
Specie, GlA-orrected coastal records in the | peak GNESI 122 to 19 ka (60,87, Recent moe | teal and vefect the spatially vaablenlunce of 
Seychelles at 78 17 m (63) and in Western | cling studes suggest that total Gr mas loss | GIA (6). Most studies suggest that oak GASL 
‘Australia at 9m (ao uncertainty reported) (64) | Wasbetwoen OG 3.5.m(Flg Sandzeferences | oueed sometime afer “125k, usally inthe 
hove present (Fg. 3) The Ked Sea planktic | therela) Wit thermal expansion and meting | rangeot 122 to ka(64, 71-7) butte ting 
80 rewed places peak RSL values during MIS | of mountain gaciers contributing up to 1m | of AIS versus Gr eonubutons to maximus 
Sest7 «34m (mmimum probably with 95% | ise, ¥),anadationaleantbutionsroqued | GMSLremalns unresolved 
probability envelope) (4). Detaled GIA corres | tom te AS to explain peak GML during MIS | Difleences in RSL. reconstructions from ste 
‘ons forthe temporal evolution ofthe hydraulic | Se. Howeves, diet evidence for AIS retest at | to ste yield a ange of interpretations about the 
romety ofthe Red Seu during MIS Se ure not | thietime lacking, with only some pooty dated | evolution of GMSL during the MISS highend, 
‘spoiled ty this plankie &"0 record and colt | secards that sugest hat WAIS retated during | including (stable sea level (5) (i) two peaks 
Sungethe pel alue afew meters (55, Part | Some previusinterzacal periods, Indudig pow | separated by an ephemeral drop in sa level 
benthic 0-H data (3,54) tlt high un- | sy MS ge (4. (72,7, a stuble ea eel followed ty arapid 
certainty and poor agreement for peak GMSL. | "The primary meansofesalshingan accurate | seael se (6 7) and (i thet four peaks 
‘when compared wih the esa reeanls(Fg.4). | and prease chronology for MIS Se sea level is | inseakvelreetng repeated senevelosallons 
The S-m uncertalnty ange in peak GML de- | through U-Th dating of fess corals that ved | (74 7) Asyet, uo consensus earn his 
rived bum esstal earls (Le, -6109'm presents | near the sea surface ting chronologies sug- | sule of scenarios but robust sedimentary ev 
‘hallnge when assessing ative GriSand AIS | gest regional differences inthe timing of peak | dene fom mulple costal sites argues for st 
‘ontbutions Isecoreand maine rconds show | MIS Se RSL In some cass, this eects variable | least one and possibly several meter-seae sea 
{hut the GelS was smaller than present during | diagnesisthat uses open-system conditions | lee oselstions during the couse of the high- 
‘MIS 5, with subsantial fot not complete) re | the corals with respectioUand Thisotopesfey, | stand (eg, (4, 7-75, 7), These data suggest 


‘dynamic behavior of pla ce sheets ata te 
‘when global mean temperature was sila to 
Present It isnot clear whether such varity 
‘was driven by one unstable eesheet sector ar by 
Aiferenes inthe phasing of ke-mas changes 
‘multiple coshoet sectors aross the duration of 
Mis se 

Estimated res of se-eve change associated 
with theseoselitons range from 1 to 71m kv" 
(74.75 77) Resolving rates on shortertine eles 
Is indored by the preision ofthe dating and 
ISI. rconstrution methods: Even the my? 
‘ates Isted above are lghly uncertain if oe 
Incorporates fll ensideratin of observational 
nor Fr example, MISSe retin the Bahamas 
Ihave uncertainties in coral paleowater depths 
lf 5 m based onthe assumed depth range of 
“Acrpora polmata of more (or the Mongasta 
Sand Diplo sp), which ave sma tn mage 
‘ude woe infred change in sea eel (41065) 
(2,75, As another example metrsele BSL ue 
‘hutons during the MUS Se highstand Infered 
‘hom the ed Se plaktic3"0 record ae not ep 
ted ten the to oes wed nthe ans 
nd he viability lly falls within the re 
ported uneertlny, soit is nat pssble to reject 
‘he ml pothesis tha RSL was stable based on 
this record (7), Thus, despite the cea sedimen- 
tary evidence fr ae-leel varity in daring 
‘MIS 5 aselate rates of GMS change real 
oor resale. 


‘The Holocene (1.700 years ago to present) 


(Global mean temperatures duving the Holocene 
‘have unged fem 075°C warmer (hom 25 


{ure reconstruction is relatively well eonstralned 
by prey dats, model simulate «warming tend 
‘hvu the Haloeene, whieh may bean nde 
ton af uncertainty in the recanstrutios, the 
‘modal, or bath (0). 

"The Holocene has the most abundant and 


‘lly reed HSL. reconstructions in compar 
{son to previous inerglaal poiods (Rg 2) 
ition, the hist af eesoet etet is ree 
tively wl constrained, pater in the Noth 
em Hemisphore, Detalles resnastrutions 
‘fom the past few millennia are important for 
‘cnstraning the atural yi a ea level 
and providing conta fr evaluating current and 
foture change, 

"GMSL was -G0 mower than present at the 
beginning ofthe Holocene, largely bese fe 
‘emulnng Scandinavian and Laurentieiceshets 
as well as a yeater-than-present AIS volume 
Rates of GMSL rise slowed by ~7 ka ater the 
final deglaciation ofthe Laurentide le Sheet 
‘fom 15m" becween 14 19 82 ka to Lm ky* 
for less for the remainder ofthe preindustral 
Holocene (Only few meters ofieshet ass 
ecu eteen 7 and ~2 ka (2, 5), whic s 
‘thought to be dominated by loss from the AIS 
(6445, Feld data and ice sboet models suggest 
that the Gri was smaller than present during 
‘the early to middle Holocene thermal optimum 
(95 1055 la (8, 7) and gan to readvance 
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dng the enoer Neola period ha} reseh- | gauge records isthe transition fom lw rates of 
Ing ts maximum extent in many places during | change during the list ~2 ky (onder of tents of 
{he Lite ee A and easing a GBS owering | mm year) to modern rates order of um yer) 
af <0 m (88 tn he Le 19th wo early 200 centuries although 
‘Over the pst -7 ky, RSL as fallen in many’ | thespsil manifestation ofthis changes vaiale 
near areas that were frmelyeovered by | (80. 
‘jor ice shets because of lalate r= 
bound Pig 24) whereas RSL. in intermediate. | DiSCussion and future challenges 
and fred regions reflects changes in GMSL, | Kewent intrdsipinary suds on sea-level and 
Drogacialfoebulge cals, and hyiosostatic | keecheet change during previous warm prt 
Toading (2,90), With dla regions being f= | confirm tha there isa strong sensi of lst 
ther influenced by compaction (Fig. 2,8 to D) | kesheet mass loss (and assoaated senevl ise) 
“Equatorial and Southera Hemisphere SL recon- | to higher lsuaton fren and polar temper 
structions reard a mid-Holocene highstand at | atures wit sila higher GHG forcing ig) 
“hota few deimctrsto several meters (9:2) | This understanding of polar ice-sheet response 
(Gig 2, Eto H) that sa consequence ofthe GIA | to climate change has improved consderabiy 
fet know a5 equatorial sphoning (89,90). | though an iacreasen the number and geowphie 
Sanjevel reconstructions from salt marshes | disuibuion of RSL reconstructions, batter = 
bordering dhe North Adautie region reveal re | sheet constalns andthe regaton tat sera 
‘onal dcimeterseale vaabity on mulidees- | geophysical processes eause spatially complex 
‘alto millennial time scales ver the past ~2 hy | patterns across time sales spanning tens to 
(ea, 0 ig. 2 that reflect eet loss and | lls of years Fes. tand Spatial arity 
coupled atmasphere-ocean yrablity (4) Lat- | in Holocene RSL fom GIA has lng been reeog- 
olosne cemargn reconstrucions forthe AIS | nied (8, bt widely disparate estimates of the 
sugest ite change (6, 9), whereas those | mayaltud of GMSL. change associated with any 
far the Gri8 suggest general advance (86-88). | given previous warm period have ony esentty 
“The dearest signal in gooloial and lng tide | been documented as similarly reflecting the 


ofA Peak Global Mean Sea Level Total SL 
Budget 


‘Sea level (m) 
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Fig. 3. Compilation of MS Se reconstructions for peak GML, GHIS contribution and best est- 
nate the total se evel buxget. trates (A) peak MS Se GMSL and (B) metwatecontbution 
fromthe Gri stew in cvenlogeal oder of ime of puto tom eto ght Rarges vice by 
‘ertealbars pont estimates and est estimates wih anges shown asces, UA corected era 
‘hoon in red squares. Horontal dashad nes denote range of agreement between recent studs 
() otal eee dat of WS 5 sho th estimated neta or each component: One mer = 
towed o thermal expansion ard os f mourtan gases (yay shade). AS te estimate of GAS 
(qreenshasrg has decreased the val peak GMSL astimate has grown, acing tonceased canidnce 
ft amore siesta corivEuton Por the AS (De shag) Data sources sted aie S2- 


spt aay in RSLesuing fom GIAand period Given lags inthe imate stem, simple 
dynamic topegraphy (eg, see MUS 3e estimates | coreation between such climate parsers can 
nF he misleading because te extremes may ot be 
Despite the many advances nour understand | syndonous over 10-4-long nterlaia peio. 
lng of GNSL daring past warm periods a num- | ea tmpersturs tained during previous Warm 
ber fchallnges remain, Foremost among these | periods may also be dependent onthe length of 
{isthe need to continue to improve te accuracy | the interacial period (4,4, sugsting that 
fd preision of the age and eevation of RSL. | warm perids ang ever hy ty ot represent 
Indestors. In particular, now that we recognize | equim condions fr te eimate<rycsphere 
that time-dependent GLA effets wil afeet the | system Moree, ee shets in afferent bem- 
levation of shorelines depending on whether | spheres may not respond in pase. 
‘they formed ary or lt in the interacial pe= | — In the ease of MIS 11 and, warm climates 
‘io. mpmvingchrondlgstorsavethetiming | and higher GML resulted largely tom orbital 
‘of obeeratons during HSL hghstands becomes | forcing that change the intensity of solar inao- 
allthat uch more nitealtoinfesingthe GMSL | ation ahigh ites, asolatian forcings quite 
‘gual (1 6. Although the precision of U-Th | lieent fom the raively uniform gba or- 
dating has improved, complications related to | ing of increased atmospheric CO that wil le 
fopenaystem dagenesis and former seawater U- | uence ature ea levels, Furthermore, ronal 
[Sotope campastioneoutnue to lit prasion | Sea and ar temperatures eer the most dlcet 
and aeuriyof marine carbonate U-Th agis[see | ialuence on mass lass fom apolar ce shee, 
‘evi 0) gesting that pst global men temperate 
‘Tanshting ste-spedfiedataintoa gobaleon- | may not be the best predictor for past GMS. 
text requires beter constraints on the properties | More detaled regional climate reconstructions 
‘tthe sold Fart that stongyinfluenee HSL on | thus epresent an additonal target to improve 
Jong tine sales, especially the vseasty and | understanding ofthe climate foreingsequied 
‘ene strecinr ci armatures chat repens toe Lego 
fn temporal density of past RSL. and icesheet | etronologkal frameworks are also requied that 
‘args wilimprove ke and Earth models whor- | can del slate seulevel and climate recon- 
‘ue of thedtimensona (SD) GIA models may | structions, particulary to fullate comparisons 
Improve predictions in areas where Ital hete- | between resostruction that rely on radonstie 
oggnetis are important (7, ‘ess obit tuned ehuoneogis 
Determining equllbrium GMSI. for dierent | "nthe following, we summtrze our curent 
forcing scenarios with we of pleodata requires | understanding of magituds rates, and sources 
consideration of fctors boyond understanding | of se-level change dusing warm periods and 
the peak value of GMS pola (or global tem | thelrassoduted uncertainties and eondiude with 
persue or atmasphereCO duriag ave time | the recommendation to develop comprebeasive 
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Fig. 4, Peak global mean temperature, atmosphere CO;, maximum GMSL, and source(s of melt 
‘iil. Light le shading nates uncrtaty of seaievl maxima. Bla vertical Ines feresent 
(GMSL recontructions tam combina ald abervations and CIA modeling ray dass es ara 30: 
‘bed rmorstrutons Fed pe charts ovr Ciaerland ar Antarctica dents action (vtec of 
‘etre. Attu the peaks in temperature, CD, and sea lel wth each time perod may nat be 
‘yncvoncusandce sheets we snstive to factors at depict hee sgrcal higher se levels Were 
ataned dureg MIS Se anal when stmesphere COs forcing was Seyiicrty ower han present. Se 
{ables Sand Str dota and sources 


Astabases that will be required to optimally eap- 
‘ure the temporal and spatial variably of past 
high sen levels anther sures 


Magnitudes of GMSL rise 
“The best agreement in the mage of peak 
{GMGSLis between multiple GLA-correced ost 
records for MIS Se and 1, ut the uncealnty 
Introduced fom the combined influence of GLA 
and dynamic topogaphy going farther back in 
time presently precludes us ftom placing afm. 
sstimate on GMSL during the MPWPiergcal 
pas: Civen the constns fog existing dat 
ud models of MPWP temperatures and icesbect 
‘reconstructions combined with the evidence for 
Stranger GHG fering we hype that MIP 
fea levels would have exceeded those attalned 
‘huving MIS 1 ane. This provides lower bound 
ff 6m with the distinct potential for higher 
CGMSL, parently ifthe Gels, WAS, and FAIS 
fperienced imitans mas ss, Ths yp 
thesis sould be tested in the contest of ade 
‘onal dita and modeling eonstrans 

Ti comparson to GLAsorrectel costal reeds 
paired 8"0-Bg/Careords have greater uncer” 
tainty and in several eases have poor accuracy, 
Suggsting thatthe current state of thase goo" 
‘hen methods makes them unable to provide 
oniident, quantiatve estimates of peak GNSL. 
during these periods (Fg $).The plankie 0 
{Bom the ted Seu (5, 75,64) san innovative 
ppc to overcoming sme ofthe imitations 
of the benthic 60 or paired 6% 0-Mg)Ca met- 
fs and remains oe of the most valuable Sem 
fontinuousrecods of selevel change across 
century to mien tie eles. However, ea 
les uncertainties that are common to both the 
onstalreeonstrutions such as GLA corrections) 
fe well atthe other O-baced reconstructions, 
Some of which il magnify father sein time 
“Targeted GIA modeling of the Red Sea basin, in 
parca to derive isostatic corections for the 
ani Sl during these interglacial highstands, 
‘would bea vale undertaking toward the se 
tf the reconstruction to iterpet GAS 


Rates of GMSL rise 


Rate of seve chang for previos warm p= 
riods when sea level was higher than present 
ange Hom highly uncertain to completely - 
‘unstrained depending on the time period, yet 
this s perhaps the most sdietaly relevant la- 
formation the paleoecod ean provide fr pre= 
iting and adapting to fue seadovel change: 
IMIS Se holds the sweatest potential for inf 
‘ation on past rates of sealevel change in 
‘worl with higher GMSL. Although MIS esea- 
level ositions spear abrupt in the sedimen- 
tary eco uncertainties in dating and interpre 
talon of RSL markers have prevented precise 
‘quantifstion ofthis abrupiness beyond an lie 
‘Beaton tht GMSL rose (and fel) one to several 
meters over one toa fw ky eg, (78); Hen, 
ferving rates of interest on socal timescales 
(eonyear m century”, such scan be achieved 
In Holocene reonstructions, emis primary 
shallenge 
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Box 1 Methods of reconstructing past sea evel ance volume. 
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‘eet (nrc snl curgs (Fe) Clos pot cnt tr Sat pares patna he et teh 
Sr soa at oe es gion i). 

Cok ss rey ately aati cla dest ha el poi ct pia og toh td 
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‘hes mater y So eves nh nrg, ers eeape ete ss wl cee an nt te 
‘tn rouge om atercets Cnr Slt atari aa or cso. 0-1) Try conga 
{ih rod anarchy nyc acy tly eyo a ai ch ur ae he ay ich 
Enns rasp an dlrs fh nies a sy Noa gla GA aos aay cas ang aly harcgeea th 
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the bes ao sae he uercect ura Ear siuetrson cg. 72) 

kos yen sndte geopotential tie lest 300 yea nbc te 
soi regenerants aun asa cig cnt ses pry stro dl near bce ek 
{rte cnn ene propria of urna ety eae Hr nine sgn ep’ Ra sfrea ey 
‘esearch yr pte of Lurgan neo gp nen fr ta 
the uy srl eget th apleatonTa uc asta op tng mrt pce (8 29), 20 
Sete soe chr (i negra prctns ttn charge 2). 

Dam noggin Earthsea ats spe) cn uj evens ofthe rath cn so eta 
CSeperteact res ea eects plate le ptt ool ieee 
the are aoe rr sesesat tnt oenaoepesaraa wheon pice sre dain th ate 
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‘atten amity 

tcathste ret crete fr rr yet bev erg ntact md ey mc ait nd 
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Resolving iter scale seadevelyvlablty dur | tical uncertainties of RSL indicators Coastal lated with the interpretation of potdepostional 
{ng the MIS se highstand wall require preise | geomorphological features athoughcompeling, | alteration af UTh isotope measurements ean be 
dutooolgies and stratigraphy of seedewel ind | ate dict to date owed conde can potentially | cvercome (05, Puen, foe enrls are usualy 
ors, as well as impeuvelprcson inthe ver- | provide robust chronologies, if challenges aso- | associated with snifeant verti uncertainties 
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‘nde peor depth. Fur improvements 
‘on existing paleowater depth estimates of oil 
rls wl require integration of paleoonviron- 
‘mental information, ieluding asemblaes of 
‘eet bot, and a move quantative understand 
Ing ofthe depth dstbution of modern corals 
sii aioe et bot (3. 

"The rate of CMS. sse-ansciated Northern 
Hemisphere kaeshet retest during the last de- 
ladatlon soften cited as providing an upper 
bound fr potential future GRIST. se eg, >4 
century during meter pulse 14 (MWP-LA) 
(opt The nature and forcing of that meen, 
Ihaweve, expected to be sigan ferent 
‘oon that of the wamclimate polar lo sheets 
and thus not dvecly analogous Nevertheless, 
‘here ae aspects of pas seaeel changes during 
lacal mama or during deslacial warsiions 
{hut are relevant to understanding tne 
CGMSL change. For example, recent modeling 
‘dentifod a postive feedback invaving “ade 
calls” of the Lauentide ee Sheet ming that 
‘is capable of delivering a substantial ins of 
‘melvater asa possible mechanism eontrbuting 
to MWP2A (100) Sada claps betveen the 
seuthem and nother domes ofthe Gal ay be 
Important for diving smallersale, but rap, 
(GASL change during war interglacial periods 
Similay,there snereasngeidence thi oeas 
‘thermal feng pave a portant sole in de- 
tabling late Plstcene ee sets [eg 20), 
sir to what i pjcted forthe ture 

‘Constralning the total volume and grogapie 
stent of groundad le dang the Last Glacial 
‘Manu (LEM in parties an importa 
‘parameter for GIA model predictions of RSL 
scrotal Umeperieds,incudingte presentand 
as nrg periods (e, 1)-nproved eon 
ftrints on LOM io ylume wl alo invense 
fhe quantisation of GML changes based on 
‘enti 6°0 reconstructions at well as pale 
O-Mg/Ca reconstructions Hower, there are 
presently few fel sts with RSL. hstoies 
{ha ean be wed to constrain the LOM. We note 
‘ht an “120 m-below-present GMS. daring te 
‘LGM fs lang been Held as conventional wis- 
dm, yet several GA studs put the estimate in 
‘he range of 10 Yo 24m bey present (ig 0). 
‘Bese the total ume ad extent ofthe LGM 
Jee sets ga sensitive parameter for GIA mod- 
 pedilons, improving our understanding of 
laa ee Jaade wil influence our interpreta 
tons of rates and magnitudes of interglacial 
ust. 


‘Sources of GMSL rise 


‘Deo approaches show yreat promise for dente 
‘ying and quantiing the eantbution of ind 
‘dual ee sheets that retested during previous 
‘warm periods geochemical provenance n marine 
Sediments (20,45, 67) and Se level Ragen 
{ng (Hox 1) (102) Existing evidence point to 
ster Geenlad ws the mot scp etor 
ofthe Gels to wannersian preset tenpeattes 
(46,67, altbough some models predic erat in 
‘he norh and other inthe south, In Antartica, 
compeling sedimentary (12 1) al modeling 


(22,19) evidence suggests that repeat ete 
Advance eyes of the WAS pected during the 
Phocene abd ealy Pleistocene, but ite eet 
evidence constrains changes in the AIS during 
‘more recent Intervals, ned MIST and 
fd the Holocene, Marinebase portions ofthe 
AIS maybe jst a vulnerable as the WAIS and 
shoud be equal considered as eta 
past sea ieel change 08) 

Impoving our understanding of individ 
pola Ieesheet contebutions to GMSL Isa key 
lullenge. An important uncenaity for firure 
Djeetions ofthe Ga isthe threshold tee 
ture bejond whieh it usdergpes reversible r= 
ovat with curent estimates ranging fmm 
{PC above peendustal temperatures (2. In 
proved estimates of Gils fr a given lea or 
‘obaltemperature increase during past warm 
ends wil thus provide a ete eanstralat on 
{his threold For the AIS, the key eillenge 
Involves determining Which masinebased sectors 
se most vulnerable to collapse and dentin 
{he faring atmospheric or zane) that would 
tagger such events Paleccontrlnson pas = 
sheet mass lass and foengs wil be of parular 
“ale for validation of enupled ice seetlimate 
adel. 


‘Recommendations 


Adaressing outstanding uestians and cillenges 
eganng ates, magnitudes and sours of past 
Pol loeshoet lot and resulting selves 
‘vl continue to equite integration of oesbeet, 
Seared, and sold Kurth geophysical studies 
‘wth ype spatial dstbution of weldated RSL. 
ecards 1 capture the magnitude of RSL. varie 
Diy acoss the globe: Such synoptic anaes 
wil need a sufcieny sophisticated bernie 
‘trucuretn enahle data sharing, anspareny and 
andardzstion of seaevel and este pleo- 
fata that are derived froma multiple and diverse 
Subdissplins, Whee sufflonresled, such 
fata can then be used to identify sources of 
‘meltwater through thelr seslovel fingerprints 
fa efi estimates of GAIL chung (22,105) 
‘Nea-eld recon ofioesheet extent and climate 
wl also be essential in identifying the sourwes 
Sd forcing mechanisn responsible forselevel 
‘ange: Most importantly, transcending conyen- 
‘onal paradigms oseaevelrennstrucions and 
adopting the ennept of geographic varity 
‘onpstel by yam plea presses wil cone 
‘ine to lead wo sgifleanadvanes ou under 
standing of GNSL rise ina warming word. 
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HIV-1 neutralizing antibodies induced 
by native-like envelope trimers 
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EXTRODUCTION: A major gol of HVA ve- | resolution structures of the BGH0S timers 
ine development isto identify immunogens | reinforce ths perspective. In contrast other 
fapale of inducing protective titers of brac- | trimer designs (unceawed gp) that lac the 
Jy noutralizing antibodies (bNAbs) against | SOSIP modiestions and are based en elin- 
ireulating, neutralzation-resistant (ter 2) | inating the intrsubuait protecyic cleavage 
Viruses The envelope glyeoprotein (En) tr | site adopt noo-natve configurations. 

mer on the virus surface isthe only BNA 

‘target and accordingly serves asthe bass for | RATIONALE: To determine the NAB response 
recombinant protein inmunogens intended | elicted by natvesike timers, we immunized 
to induce BNAbe We have engineered solu- | rabbits and macaques with BGS05 SOSIP.668 
ble, recombinant trimers based on the BGSO5 | gpH¥0 proteins, and rabits with their BAL 
lade A and B41 clade B tier viruses, These | counterparts For eomparson with the BGSOS 
proteolytically cleaved and staiized trimer, | trimer, we asp tested gp120 monomers and 
‘designated BGS0S and B41 SOSIP.664 gpi4o, | uncleaved got40 proteins of the sume geno- 
Aisplay multiple BNA epitopes and have an- | type. We characterized the resulting antibody 
sigan properties that mimic viral Env. High- | responses by quantifying their ability to peu 
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‘Autologous tier 2 NAB responses in animals immunized with native-tike (SOSIR664)tr- 
‘mers oF non-native uncleaved gpl40s. (Left) Representative feferencetree 2D class averages 
‘of negative-sisn electron microscopy (EM) images ofthe uncleaved BGS gpl and the native 
"ke BGSOS SOSIPSEA trmers The ltstratons (orange) of the two categories af En pte are 
‘based on negate stan EM. (Right) Autologous ti 2 aru NAD fers (C50) in 50 animals 
immunized wth various unelesved gplND preter, compares to ters the 30 abit gen the 
[BGSO5 or 841 SOSIPE64 trmers described here (se legend of Fg. 2 te ul are for deta: 
P< 00001, twortaiea Mann Whitney test. 


tlle the autologous tor 2 views and mut- 
le heterologos ier 1 (neutralization sensitive) 
tnd tier 2 viruses. We mapped the BGS05 
‘Ab responses using various techniques, in- 


‘ding a large panel of Enw-psendoryped ¥i- 


RESULTS: Hiss SOSIP.664 timers consis- 
ently induced potent Nas against the autor 
ogous tie 2 isin eabits and sil ut 
weaker responses in macaques. Cost-eactie 
‘abs agains the more sensitive te 1 viruses 
‘were also induced inal the immunized ane 
‘mals, bu heterologous neutalzation of tet 

2 viruses was seen only 
weakly and sporadically. 
Reade ul orete THe mab responses to 
Sreiidllsl"** pat soste.66s timers 
fa/ioa5) "ere qualitatively smiar 
Secoasctn mnie ee nasa 

trimer epiens. The au- 
tologous tier 2 NAD ters to both SOST.664 
trimers were greater than any such responses 
vist observed sing various unceaved 
PHO proteins, induding the BOSS version 
‘ed inthis study. The rabbit ter 2 and ter 
{TNAD responses to the BGS05 SOSTP 66 = 
tnere were uncorrelated. Mapping stodies 
showed the tier 2 NAbs recognized confor- 
‘mational epitopes that differed Between ane 
mats. some eases, these NAbs targeted 
components of the gvean shield previously 
ssscited with BNAD epitopes. In contrast, 
the tee 1 NAbs targeted tinea epitopes in 
‘he gpI20 V3 region, 


CONCLUSIONS: Although an autologous 
tier NAb response isnot sufficient for ¥ace 
sine protection against HIV, it may be a 
‘ecessury step in various strategies intended 
to induce BNAbs. Thus our findings indicate 
tht native-lke trimers present promising 
starting point forthe further development 
ff recombinant Env immunogens intended 
to broaden the NAb response. The high 
resolition structures of SOSIP.OGH timers 
allo improvements tobe rationally designed. 
[Relevant sategiesinclode the further stabli- 
zation of trimer-assciated bNAb epitopes 
‘while reducing the antigenicity of Vt and 
other non-neutralizng epitopes that may be 
distactive, immunizing with longitudinal 
series of SOSIP.¢ trimers from infected 
Individuals who generate BNA; wing timer 
cocktails (ex rom elades A 8, and C); and 
priming with timer variants that trigger 
desirable germline responses before boosting 
with wilype trimers 
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‘challenge for HIV: immunogen design isthe difculty of inducing neutralizing antibodies 
(Abs) against neutralzation resistant (ter 2) viruses that dominate human 
transmissions We show that a soluble recombinant HIV envelope glycoprotein trimer that 
{adopts a native conformation, 80505 SOSIP6SA, induced NAbs potently against the 
‘Sequence: matched ter 2 virus in rabbits and similar but weaker responses in macaques. 
‘The trimer also consistently induced cross-reactive NAbs against mare sensitive (er 1) 
viruses. Tier 2 NAbs recognized conformational epitopes that cffeed between animals and 
In some cases overlapped with those recognized by breadly neutralizing antibodies 
(DNAbS), whereas ter 1 responses targeted linear V3 epitopes. A second trimer, 84] 
‘SOSIP6SA, also induced a strong autologous ter 2 NAb response in rabbits. Thus. natve- 
like trimers represent a promising starting point for the development of HIV vaccines 
aimed at inducing PNAS. 


major goal of HIVa vacine development | ton of fied antigenic composition. However: the 
[Sto Menify immunogens capble of in- | induction of autslgous NAbs to ater 2 ius 
fling protective tes of broadly neutral | woud be an ensellnt stating pot for erste 
‘ing antibodies (HAs) aginst dreulating | vase design 3-6 
‘russ wih a er 2 or higher reastanee | "One or mare ofthe BNAb epitopes present on 
rofl (Vises with these charters ae | native, ronassodated timers are abo found 
‘he moet commonly ransmated stains of FIV, | on yrous En-tased immunogen iting c- 
fand hence they dominate new infections The | uble monomere gpi20 and matienie gros 
‘humoral inimune response of infced indvid- | that contin hth the reptorbinding p20 and 
‘ab cates anthad}-nedated sdeton presure | fsiarensblng xpStectadomain (gpHice) sabe 
fn the wus which can generally only persist and units These various forms of En ae all dived 
be wansmited if tis anbesy-resisant A suse | from the veal gp160 precursor protein whieh 
‘al ang then, must be ale inde anes | 1s proteolytically cleaved into the gp120 and 
‘ut can counter the vins’s evolved resistance | gpAMgoyy subunits when it is peosssed within 
‘mechanisms. In adation, th global sequence | the cll and forms membraneastcated winers 
diversity among HIV striae isso geat that | Tor racial purses rant Ex-ased imno 
‘aceineinduced antibodies should target rel | gens are made as soluble proteins by limint- 
they conserved sts and herby posse reach | ing the membranespanning domain of ple 
fofacion A avsne wih the requed properties | and erating enites kun a gpd In some 
‘ust be asd onthe envelope denpetin (En), | eases the spAtycv» dons 6 aso removed 
‘the gplao-gpH trimer on the vine sure is | make monomeric gplz0 protein The salable 
‘he only BNAD target. Afertwo or more eas of | gp1s0s oligomerze via intrations beeen their 
"HIV infation, amon dvebp BNA, | gpAaens eomponens, However, the oligomers 
wh can seve as terplits for wane design | are wry unstable unless the onset subi 
by exposing vulnerabilities in the vil defense | zed ether by eliminating the deavage se be- 
ssdhnisns (D. Recaie BNADS usually evive | teen gp120 and gpAlacy to make a standard 
ftom stalrspecieautologuus NAbs ia mult | uncleaved gplt0 poteln, or by introducing pe 
ple eyes of ial escape and antibody affinity | ee wimerstablzing changes into the properly 
‘aturaton (eseved in 2,37 tis unlely that | cleaved fom of gpl. We have favored the la- 
[NAS can be mabed agains any sige Env p+ | ter stay’ by masking stabil, eave mers 


‘hat are designated SOSIPAS# gp10s; the SOS 
term denotes an intermolecular dul bond 
enginsered to ink the gp20 and gpl sabe 
unis, whe IP signifies an He —+ Pro point 
‘btitlon that malntalns the EPH Sa 
nents in thelr resin frm. 

Here, we evaluate the immunogenicity of a 
SOSIP G4 timer based on the BGO cade A 
‘is, which was oat from a 6ecl ae 
ft who later develope ab response with- 
|n-2 yeas of infection (7, 8). We so tested, in 
les deta second SOSIP.668 trier based on 
‘ede adult inetion founder vaus Ba 
The BGSOS and B41 SOSLPaG4 timers display 
‘mulple BAD epitopes but few non neaalizing 
A (oon-NAD) epitopes hat muy serve a mm 
‘olga dsvaction (20 The integsty and 
athe appearance of the BG5DS SOSTP.AS4 
{rime ndings complex quatemary epitopes, 
‘were previcusly confined by higesoation 
{syo-decron microscopy (eoEM) and ay 
ql stuctunes the fst hgesluon 
Aepietions of the HIV? ny trimer (1-19. In 
‘hissy we eonfucted animal immunities 
iments to determine whlch NA spate an 
tinue bt dirt nateslke SOSTP56 
trimer mimics of the native Env ke td we 
ema comperizons with gpI20 monomers and 
Sandard dese of uncaed gplo immune. 


Immunogenicity of BG505 SOSIPSE4 
‘trimers in rabbits 


‘The various immunngens tested in thls study 
ae depleted schemateally in SLA slang with 
‘hel confmatons, whi re basal on aegaie- 
stuln EM images that are strongly supported 
by antigenicity and by blophysieal and glean 
composition data (fg. 82 and $3) (0-20) Five 
fieent experiments were performed, four in 
‘abbits and one i macaques (St) In gene 
‘al the anion seme was based an tH 
‘losly separated inital doses (weeks 0 and 4) 
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followed by a third dose after prolonged rest | soquencematched WESEKS spo protein (17. | mess are consistent regu, bed, propa: 
period of usually 18 weeks (2 ‘Toe gal f the comparsons withthe YU? gpi0- | shaped structs (2,10, 1). Fly, Ia abbi 

‘he st stay, in rabbits compared the in- | Fl and BGans WESERS proteins was to exlae | epurinent-4 we assed the abi of SOSIP664 
munogeniy of lade A HGsos SOSIPSGs ti | whether anatnedke timer conformation iste- | timers based on the cade B47 genotype and 
‘ers and p20 monomers both of whieh were | nil or immunogen, Prowaji demage of | produced in CHO cells (9) to induce NAD r= 
rode in 2958 Gel, 20) SA). | p20 fom goby ea for sible p40 | sponses agains the sutlogous ter 2 BA vrs 
To ass whether wimer gheceylation acted | Uimastomaaln navel stucures standard | The st-gp20, agp, and ant-uime bi 
Immunogenicity, in rabbit experiment 2 we | unclved gpHi0 proteins hed on multiple di- | ing anubody tes induc over tine by the va 
Immunand thw goups of bis with BGs05 | ferent sequences, iduding YU? gp}o-Fd and | lous Env proteins ae summarized inf $4. To 
SOSIPSG4 uimes produc in 20ST cls (natural | BGs05 WISER, are known to predminanly | quantify the NAb responses 2 weeks afer the 
Ayeaglton), 2958 Ga alls (olyomannose- | adopt aberant, nonnative conformations that | third immunization (at eek 2 of, for some 
nly gheans (2,27) or 2988 Ga” calls olowe | ean be deat distinguished fom the native, | rabbits week 25, we used the TMDL elas 
Dy indo westneat yeadeplted (2, 29)) In | caved SOSIPS6 tama (1-77 (SUA). Thus, | hid s based on uansactvaon ofa lurase 
rabbit experiment 1, i addon to the BGs05 | when viewed by EM, the standard unceaved | feporter gene by an infecting ius (Fg. 1 and 
9120 manemer comparator pens, we also | gpH0s have an lrguls and noo-uthe coag- | table SD. We were puticlarly intrested in a- 
{ted cade BYU uncon gpH0 prc ew | ation: equeny sen ages represent slaved | sessing the NAb response othe autologus Le, 
taining Foldan uimerzation damaln that as | out, somidsscated p20 subunits linked by | sequencematcied) BGSOSTSIN vrs ast har 
roduc in 2957 es (1 gpHOF) (i) In aby | the uconed intesubunit sound oaeentaleore | a neutalzatonnsisunt tier 2 phenogpe. Ar 
[btexpinent we campured BGs05 SOSIP.868 | compesing the golly. emponents (4-7. In| though almost al Env posi immunogen (2, 
trimers with the uneesved, noo-native BG505 | contrast the Hceos and an Bet SOSLP64 t+ | gpa monomers, unceaved gplOs) ean rise 


Fig. induction of autologous 
ler 2 and heterologous ter 1 

[NAD responses in rabbits and 
macaques. (Ao D) Each pail 
Shows the $9 nautralaaton ters 
(Cag TEM ce asta) for era 
from every mune rab, 
ranged inthe groups outlined n 
tig SL For canvenence, at 20 
[30505 SOSIPs64 ecient abbts 
(@youps Land 4 ta7) were combined 
Into one group. The dated ines 
Separate graups that were included 
Inthe same immunization expert 
‘ment. Each pane! ists the est vis, 
Is ter esses, and he lcs 
‘on of he testing laboratory (43) 
(Gee Matenals ana Metnoas for 
performance st abbreviations) For 
{tonal neutralization dat an 
at sara eee tables Stand 52 
(Eto) Each pane shows the 69% Se eae am ee a oer ot 
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macaque sera (T2M-3 assay Shale 
[DUMC) agains he specie vines TEtipt(iseiasy sceassour et web (0s) sr 81m) Ss Ss. 24095 

for sera'vom all eg animals ps ae am ena pt 0 Sup te a css so neem 
(ergeizes by oun) at week 26, ‘Seopa ava ted ah) Stu ee te cho wr ss gpa 8 

Sraait tom ator bine Sree area ont sosh et gpso ss) Sos7 sa SOs (a 

imuniad anal (grou 9) at Sup ame a sn SOS an tn) 

‘week 58 The group 10 armas 

feemed no trier golad immun Emmmnevrzcekna Famarnencncone G marmencananc H enrns.cewe oie 
atone after week 24 For additonal SO 

‘eutralztion dats an macaque Fe 

Sia soe tale $4 Not that the j ° 

Sales used for the 5% neutral 

{on ters sometimes vary beeen 
pana Negave-stain EM images” 
Othe gpl40immunagers me 

Shown nf 82 ana the bass 

forthe eartoon depletion shown 

‘youn (26505 En or yelon/oue 

(U2 apie). The ISCOMATREK 
Ajuvan had no detectable adverse 

ttect on the antgerictyof eters, stsassec by ELISA or on ther appearance In negatiestan EM images (ig 53). “P< 005 **+-< 00005 by 
wo taled Man-uny test. 


[Bose T322 (Tez ca A OUNC) 
P i B 88.26 (Tie 1A cae AMC) 
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rtp coues 47, a a 5079} BOS Sos ta p37), 
‘re 3 rogues BS, NN a gO 7) 


NAbe against various neutnllztionsenstve 
tier 1 viruses, the induction of NAbs that are 
tle to counter a ter 3 viuseven an autor 
gous one—has been challenging Could a native 
Tie tener do eter? 

‘We found tat all 20 sea from the B305 
SOSIP=t uimersminied rabbits neta 
{he autos (He, seguencemated) He 2 Ns 
[OSO5"SS2N (0), wth tes that ranged fom 
9 to 70 (median 570; Fg 14). There was 0 
‘scerle diference inthe magnitude of the 
autologous NAb responses tothe the diferent 
‘numer lyenslatin varants (Fg. 1A groups + 
to 6) Sors fom the BG505 p20 monomer r= 
‘iplents also neutralized the autologous vis, 
though with «lower median ter of 270 Pig 
1A group 2) BGs05 gp120 is unusual as it was 
Selected to bind PGS and is known tobe ape 
‘ell immunogenic (24) may ae relevant 
that HGS gp120 was pued via a BNAD co 
‘um (inthis ease 261, whlch may slet for 
‘more natvelke forms of sp120 relative eter 
‘methods, The uncleaved BGS0S WEEKS gp40 
{Induced no Nabs aginst the autologous Bas05 
TSN vis (median ter 20) Fig 1A, roup 
{whereas the uncaned YU2 gpH0-Fd indus 
[NAb azalnst the alogs,clade-B YU2 virus 
only weakly (median ter 96) Fig 1D, ou 3). 
‘The fren tween the ales er ® NAB 
espunses tothe natveke BOS0s SOSIPS54 
‘mer and the nonate WESERS gy was 
nist (= 09 forthe inespeiment (n= 


Fig. 2. Comparative depiction af the stale: 
ouster 2 NAL responses elicited in rabbits 

fr gulnes pigs by various Env protelns. (A) 
ach data pait represents the Ip neutral 

‘ian titer for seu dee frm an inl 
imal immunized win the stated gpa praten 
(Gome ot when ncorporated an F teraction 
‘domain when tested inthe TZM2 cal arsay 
agaist the sequence matched (.autlogous) 

‘er 2 vis. The plated vabes are taken frm 

‘he folowing paper: O2UGOS7S gp Fa (25) 

n= 18), Qaole? goldo (12), = 6}, Q158a2 

pO (25) = 6) Yue grt Fa hs paper 

fable Sb, OZAG70I2 gpidoFa (25). = 15, 
‘80505 gpi40 (WTESEKS: th paper: = 4 table 
SI), BGEDS SOSIPSEA (ins paper n= 20 table 
SI) and Bt SOSP SAA (ins paper = 10). To 
rnumize the impacto cross suey varibes we 
"ested the cmparon fo ements 
animals (abs and guinea gs). to Er pte 
bbsed on ter 2 ruses ant fo dota generated 
sng the T2M basso under bay sear ea 
‘ions. inne rgptmost two colar the data 
ont foreach the resid apis el ay. 
as) are pote to alow a stata comparison 
Wh the eameed BGS0S and Bal SOSIPESS 
{irre groups (ue sro). The aflrance nthe median ves highiy 
Sauteant ( < OOOO! by twotaled Mann Whirey test). The cote and 
shed rex dante tere ot 105 and 329 that are rare to cnr S% 
and S0% protection, respctaely, to macaques m paste tanster exper 
ments (22) (B to B Yarcus tan atbody and NAb espenses at Weak 22 
(eek 25 fr expert 3) mall 20 BGS0S tamer snared fais Wa 
feaperments 11a 4 were cass compared a olews: (8) SFIE2 NADs versus 


‘Autologous neutralization ters 


esus n= 4 comparison: ? = 0.0002 when al 
20 BGS SOSIPE tener rcplente were Ia- 
‘Sled twoaled Mans-Whitey est] Pig 18) 
‘The poor responses to the WESEKS and YU2 
proteins are consistent with multiple reports 
that various uncleved gpis0s are notable to 
finduce NA that can neutralize autologous 
ter 2 ines consistently inthe ZED cel asay 
(25-20) The lack of an atoignis NAb response 
to the BG20s WTSEKS proteins mis that the 
[BGSaSTS virus i not an type sensitive 
‘ier 2 vin that lea to any BOS Exe 
binding aniboe,"The afro of WESERS 
p40 to gp120 monomers may be because of 
formation of aberrant trae and ntersubanit 
Aisulnde bonds in unclesed gptss tat eeate 
non-native gp120 molt (20, 3. 

‘We condeted an adatonal rabbi imanano- 
genlaty experiment inoling a Second native 
Ike trimer, B4 SOSIP 65, based ona cae 
‘et 2 transmitted /ounder virus (Gg 1) (9). 
"ight of animals given these times responded 
by generating an autologous NAD response, with 
ned titer of 2555 (Fig. 24), Heterologous 
‘er but nut er2, NA espouses were induced 
{nl bbs, Hence the rabbit response tote 
1 rims is quately similar to Wit was 
Induced by their RGsos counterparts, The me- 
ian aolgous ters agalnst these two versions 
fof fully natvedike SOSTPS6s timers (BGS05, 
57, BA, 255, combined group, 19) exceeded 
{hase reported to confer 50% and 80% prtzetion 


(405 and 9, spectively) in macaque pase: 
transfer experiments (3) Pig. 24). Rat in 
‘munizauon experiments were eonducted several 
ars ag using earler generations of SOSI51 
trimers ved nthe JFL. and KNEE geo 
‘yp (5), Autologous ie 2 NAbs were only 
Inconsistenly induced in those experiments 
However, hase timers, aldiough eleed, were 
ithe nt fully uativelike GICFL) or prone 
aggregate formation (KNHII44), which may 
'ccnunt for their poor immunogen 

‘To gan a ational perspective onthe mage 
ride the uaogous NAD esto te BGS 
‘nd BAL SOSIP.AS4 timers, we compare them 
With previously reported animal immunization 
fata derived using four unclaved gp1s0 peo- 
teins based nemo sequences fom the te 2 ve 
sts SHUGRSTS Qe, 682 and CZAGTN 
(25,29 (ig 24), We aa included the sutlog- 
‘us NAD ters forthe YU? gp}s0-Fd and BO505 
\WESEKS immunogens shown in Fig. 1A. The 
four additional uncleaved gpls0s were of sta- 
lag designs that ae known or expected 0 
Semble the neganvestain EM mages of the 
‘undleaved YU2 gpr40-Ed and #G505 WTSEKS 
pli0s shove in Og 82 (4 16, 10). The auto- 
Fogous NAb ters induced by the BGS0S and 
BAL SOSIP.G6s trimers were greater than the 
rresponding responses to an hr Ba peo 
fen When the combined SOSH tier sou 
(median ther 199, range 20 to 38,598; = 30 
rabbits) were compared with the combined 


MN. Abs; (C) BGE057322N NADs versus SFIS2 NAbS (D) timer nrg 
As vers AGSOST2E2N Nats: (E) gpl20-being Abs versus SFI62 NAb. 
The NAB data ae the recpocal ofthe serum dst gn 50% nhition 
(a) the beng Ab data ae the epoca af the serum dion ang 08% 
of the maemum sgn in ELISA (Eg). The Spearman ¢ ana vals for the 
Fespacine covteons are gen. Addtenal erate aralses 35 wall 
season the satstes ae presente in fg 8S. 


uncles p40 groups (median tier <20, range 
‘<0 ty 55; n= 50 animals the diference was 
ght sgiiant (P< 000, tvoralled Manne 
‘whiney ts). The magnitude of the dtenence 
between the response to the SOSIPSS# timers 
nd the response to the ots Eny potelns 5 30 
feat that Immunization protocol variations 
(Guch as dosing, schedule, the use of priming 
eet, and the Mdewtity ofthe adjuvant are 
‘unlikely to be responsible. Thus, such vaables 
‘play inience er 1 NAb ties bya fe me 
ple but do nt maketh immunogen spable 
flung atogous ber 2 Nabs 

Sen oma BC SOSH 654 rimec muni 
abhi were usualy iefeeuve against hetero- 
Toons, neutrlvaton resistant er 2 vss a 
though we dd se some speradie neutralization 
alow 1G ters of 30 to 10 (Pig. D and tables 
Stand $2) The rabbi sera ad, however, com 
Ststenlyneutalle more sensitive heterologous 
‘er vse fom diferent des, icing te 
uluasensiive ter 1A viruses MW95526 (clade C. 
ig 18), SP162 and MN (both lade B; Fae 1C 
and tabi Sand the er 8 ruses BZI6T, Bal, 
53 al dade Babe Sand 98605 (lade 
(table Si, The TAME asay er inthe 1008 
fn 100s forthe ter LA and 1B vince, espe 
they, are comparable to or eter than ers 
‘eporied ram multiple animal studies of asious 
‘monomeric p20 or undewed p40 prin, 
sare the neglighletitrsagunstheteologas 
$e vss 05, 25-299), Overl the ter 1 NAb 
responses to the BG505 SOSIP64, spI20 and 
WISEKS 0 immunoges were gna sin- 
Slr (Fig 1B and C, and table Si) Hence, what 
distinguishes the natvetike SOSIP.864 timers 
fom the ater two ny immunogen designs is 
‘ot thei biity to induce an antibady response 
ers, but rather the eltstion of «consistent 
nd strong NAb response against the autor 
ous er virus, 


‘Tier Land tier2 NAB titers do 
not correlate 


To gain an understanding of why the native tke 
‘ners fered fom the oer En potlns, we 
analyzed vasious aspects of the antibody 
Sponses Fst, we compared the emergence of 
heterologous ter 1 (MN, S162; clade B) and 
autologous ter 2 (BGEOSESS2N) NAbs with 
fnt-gpi20 and untsrimer binding untibodies 
le, eaymelinked inmunesebent as (ELISA) 
‘ts in the HO SOST. 568 timerimmuni 
rabbits overtime (ie $5, A and B). The timer 
Dining responses were nly kwer han those 
to gp but Became comparable after fou in 
‘nizations Autologous tor 2 Abs were detect 
nly arly and Weakly ate two immunizations, 
tnt stongy and consent afer three im 
zations ($58). The Nab ters then dein, 
wih Kinetis comparhle to the binding ant 
‘ody responses, but were host aga aftr the 
fourth immunization The ter 1 and aologas 
tier 2 NAb respouses waxed and waned ith 
nud sma Kinet (fg S58) 

The NAD ers tothe te Her viruses (aN, 
‘sand MW955.26) ein the 20 abbas 


2 weeks tr thet! mmunlation with BGS 
SOSH timers sougly comelated with one 
noer (Fy 2 and fi $5, Cand D) neon, 
the auislgoas tr 2 ters dt nok coma 3g. 
rica wth the heterologous er 1 es 
led inte sate bisa the sume tne (Figg 
2C and fg SS, F and The corelaton pts 
Sugest tht diferent NAb spect mediate 
the ter Yad autlogous ier 2 responses, as we 
confumed expesimentaly (se bel). One in- 
‘ation fs at Inducing @ ter 2 vespanse wl not 
be achieved simply by increasing the ter of 
‘er 1 NAb, as ently erent andy speie- 
sand el subsets are probaly inohed. 

‘We ao sought satons between NAD and 
binding anody es inte sume Sto 20 ae 
Is. The autologous tr 2 NAb thes were cor 
relied wth the anttimer ties (Fg. 2D. r= 068, 
‘P= 0015), but ot withthe anteapi20 utes 
(fg. si) Conversely the Her Nabs were stag. 
Iyearated with the antgp120 titers but not 
at ll or only wry weakly withthe anteaimer 
ters (ig. 2E and 85,100 J, Land M0, The 
fantigp10 and antenmer ters were not se 
naifcanly coated (fg 8). The data wends 
Sugeest that er 1 NAD responses ae sod 
‘with suong binding antibod responses o p20 
‘monomers. The sigifeant correlation between 
the HGaas-T392N NAb ter and the antinet 
ter ut not the antg20 ite, again implies 
thatthe quatemary structure of natvetike 
tomer is beneficial for inducing ter 2 NADS 
‘The nomsutve WESEKS gp90 inde asap130 
antibodies efsetiy bat induced anime an- 
bodies very pooty ($4, Ato O. 


[Autologous tier 2 and heterologous ter 1 
[abs target diferent epitopes. 

We usd nti teciniques to ain insights into 
the vious eptopes targeted By the er 1 and 
‘ier 2 NAbs inser fom the BUGOS SOS. 
trmeeseumuniaed rabbis Fs, we perormed 
neutralization assas inthe presence of several 
ntgens that ould potentially bind and thereby 
ple various NAD species. Nese compa 
tors included near peptides derived ram the 
fe, second, ad tind (Vi, V2, and VS) variable 
loops of En, a Ve eons a VIV2 seal 
pH protein, CDs binding dectve gao-aeK 
‘ondmers ad SOSIP.G5%-DsssR times, and 
the resuiced tabled eae 3 (ASC) CD4 ind 
Ing ste (Csbs)-mamete protein (able. The 
pIA-DossR monomers and SOSIPSss Dass 
tomers absorbed the ataogous NAbs compa- 
ably and complete implying thatthe target 
rites ae wel presented on tho elated gpI) 
subunit Table 1 und. $s residue D368 is 
‘hry element ofthe Cis, the inibtory effet 
ff the two Ene DSG8K mutans, eombined with 
the lack of effet of the RSCS protein, ples 
thatthe autologous NAbs ae ule to target 
the CDsbs dsedy (Table 1). Tusa gpt10- 
‘DSS6R variants lacking the Vi V2 V3. or VIV2 
domains were ese compro the ar 
ogous Nas butte variable lop-based peptides 
far protein custruds and the gp potas were 
gral ince (Table 1 


Although the VI/¥2 and V3 regons were not 
eel the ats or autologas NAb a noe 
‘worthy except was rab 142 Here the Nabe 
Aepcting flee of the wPLO-LSSHK manner 
‘vas amply ls when any ofthe VL, V2 IV 
V3 regions was deleted ut the inca V1, V2, 
nd V3 peptides and the ViV2scafold protein 
‘were inefecsive competitors (Tabi). Henee, 
the relevant epitope sen by serum $1215 not 
present on simple mimics ofthe Vi, V2 and Vs 
Felons (ie, peptides and setfolds) bt is fr- 
‘maton requires that all tree vanable egos 
fe present on a ypi20 monomer ar the Ep20 
subunits of the nate ter, 

‘Peptide sergy conf that some ant- 
teimer antibodies resgnied the VB regon i. 
STA) Env trimers undergo eonformational ta 
sitions that expe VS both an the virus and on 
its engineered SOSIP.GG4 counterparts invita 
(9,10, 36, Sach bathing” events are ky 
render V3 immunogen in acelnatod animale 
“Te linear 8605 V3 peptide consistent eda 
(aftr of 10) tes again the tr 1 viruses 
DMN SFO6Y, and MW085.25 when tse gst 
fight Ser fom temermumunized rabbits (a. 
Sr, B to D) (39. This peptide aso depleted he 
tier 1 NAS induced fy the WESEKS protein 
(fg. S7, Cand D). consistent with reports that 
such responses to undlesied gps are sypealy 
Visdominated (5, 37. Deleting the V3 teon 
consistently reduced the ably of the gpI20- 
‘Duss protein to deplete trimerindueed ter 1 
‘Nab, but mot autlogoas Nas Table 1 and ti. 
7 to, We conchae dt V3 peptide: 
tod mse against the ade timer cs 
eutlie Her 1 viruses but do not neutal2e 
the autologous ter 2 virus, whlch is consistent 
‘ith the lek of coreation between ter 1 and 
Ser 2 Nab ters (Fg 28 and Ng. $5, Cand D) 
a the resistance of BGs TON tn V3 mone 
‘Sonal antibodies (ms) that neue het 1 
‘arses 10). 

“To gin futher insight int de autcognas NAb 
response, we tested sera fom the nine times 
lounge rabbats wih the highest es gaat 
[BGS0STSS2N aguas 109 mutans ofthis virus 
With singe alanine point substitions of p20 
Fesidus, We sought variants wih reduc neu 
Tunlzation senitivtes ae a result of sequence 
shanges that afte ey epitopes). The neal 
faton profile actos the virus panel was unique 
foreach Serum, showing thatthe autologous r= 
sponse ws diferent, wholly on par, n each 
inal (able $9}. Te data dried from the 
‘uutant panel for all nine rabbits were mapped 
fnto the sos SOSIPGGE trimer strctare 
(Big 3) Mulple alanine substitutions affected 
‘Gea 382 neutralization. In general thes 
stitutions wih the most impact wee custred 
ft the trimer apex andthe g20 ater domain 
(OD) induding the periphery of te COs, an 
‘exception being that serum 1257 was seniive 
tothe oso the pean at C1 esidue NBS Pig 
Side ews). Among India rabbis, 1278 was 
siete by mutations in Vi, V2, C3 and VE 10 
by C2 Cs, Vand C5 substitutions and 2 by 
Vi. and C5 changes Amang th mos fequent 


Table L Depletion of autologous ter 2 MAbs in sera fom rabbits and 
‘macagies immunised with BGSOS SOSIPGG4 timers or gpl20 mano- 
mers bys variety af eampetito ligands. Se on 13 6805 SOSIPest 
{rmersimurasd ae two SCS0S epL20imvrurized abt, ake 2 weeks 
iat Ud run Gach 227k 2) er 
G50 SOSPHod Werermmaraed rac, ae 2 we te te Ah 


Inert es AO. ere ete rr aly to rete he BGSOS 
TEN ws n be perce of a arly of carp pres 2 Peps 
{he lt edict Ip neeazaen (1) the presence af The pected 
test eager ues pecs y > nde ta nealzaon was dep 
empl Ge Mero 20) Ep es inet ets ot pron 


‘80505 7332N peeudovieus Deplation reagent 
"BEIZO gpl2O gp gpleD- plz 
Immunogen “MA! yay, SOSIPSE® S120 Daca pagan DBGAR DBGBR DIGBR gpd RSCI CA ue le rae ee 
ee apm uae, See cer ctor eek De elite pride patie eat!“ peptide 
spit = 


and largest effects (sor of 5 titer sedueti 
for 25 sera) were changes at L125 (C1) Rl 
and 68 (V2) Pas, 308, and Ks (Vase 
‘nd 1420, K42t and 22 (C9) Aumlognus Nabe 
[Bascat i even of nine rabbit sera were sen 
sitive to changes in one ofboth ofthe hie 
‘Rg and KIGS ress in V2 strand C. These 
‘esidus are important fr forming the epitopes 
targeted bythe DNAs POD, PGS, and VIRC2S 
(639, butts posble they have more distant 
ffs on the conformation of oer epitopes. 
rabbit M12 the autnlogous response was 
ected against 2 confamational eptope I 
‘lvng all Ue ofthe Vi, V2, and V5 regions 
and also infuenced by Nis. Nis, and 1058 
(Table Table 2 and table $8) Ts seastoty 
pater s skint a FC8/16:ke response, except 
for the lc of dependency on lean NIGO st 
the trimer apex. Henoy, the autlogous NAb re 
sponse In rabbit 32 may involve PCO/16ke 
fr VRCIGk antibodies with namo speci 
‘iy The gpi20 OD, paula residues in CS 
tnd Cf, was targeted in several abit. The de- 
leon experiments with the 73 sp20-D36sk 
protein also impliste C3 residues 54 to 353 as 
{eto inde inden cheep) se 
nie by te atolgaus NAb In rabbit era 
1541565 174, ae 145 (Tale rand Fle). 
(Of note that RGaOs TAN neutral was 
savers afeted by mutation that eliminate 
‘ious OD alyan sts including NISS, NSO, 
and 960 (ebb 178); NSS, NSO, and NGOS 


(eat a0) and NusT, Nis, and Na ebble 
142} We ae nt avare of the dein of Nabe 
to gheandependent topes by ep120 monomers 
or noo-atve pio proteins, 

‘We usd a competten ELISA wy suly whether 
the Hs SOSIP.864, WESEKS geo, o gp120 
ivi had induced Abs that eould block the 
{omer binding of various BNABS (9). Several 
Sera from SOSID.864 or gp120 reiplents e- 
‘lucd the binding of CDsbs BNAbs CHGS and 
YVKCOn, and aso CD41gG2, by 250%, whereas 
sera fom WESEKS spi repens ha o such 
fle. S8A). The inhibin of CHIOS and 
YVROot binding coated Wits SUSTSEN ne 
vallastion, which suggests that atleast some 
Serum anthodes medating the autologous t= 
sponse do so by impeding acess to the Cbs 
(ig SB) However: taken together, the vis me 
‘amt dia and nualzatondepieion periments 
‘ith the RSC3 and gp120-DS68K proteins imply 
that such antibodies do not target the CDabs 
ety (Tales and 2), We note that when the 
GTS BNAB binds to a V8 ghean-dependent 
epitope onthe wine ects oder yeas 30 
that they ony oelade the CDs (29,40). The 
[PGTES epitope an the tamer spa ee 
es imped in the ataigoas NAb responses 
for abit 174, 1610 and 112 (Fg 3 and 
SKA), Naropa NADs wit roy simar 
properties to PGTIAS, including gyean depen- 
‘lent indie ems tothe CDs 
‘nay be present in same mbit ser 


‘The competition ELISA as showed that sera 
from some tie smmunized eats inbited 
the binding of BNAbs 5022 and C5 other 
tee topes athe gpa inert ar gp, 
‘whe sa fom gpia- or WESEKS oumunted 
‘abs dd ot (S64) Some autokngous Nas 
‘may therefore dcetly or inde acide ep 
topes nea the Ditom af the timer Oneal te 
competition ELISA data confirm tht multiple 
popes on the BGS0S SOSIP.864 trimer are 
amunogente ia rabbits, and imply that the 
tuimers were generally more eet than gp 
sd WESEKS gp1so proteins at inducing Abs 
apuble of inhibiting BNAAimer interactions 
(ie ssa 


‘Comparison with the NAb response 
Induced by the BG5O5 virus in the 
infected infant 


sour lng-temn goal isto devise an immu 
‘atin regimen tat ean indoce DNAS We com 
pred the autologous NAb response agains the 
[Gans SOSIP.Gsb timers In rabbits with the 
‘much broader response that develope in te se 
fant froma whom the Boas virus was elated 
(i (See Materials and Methods). The infant's 
Week 1 serum weakly neutralized the BGS05 
ins but ok HS TSN, ad ample ase 
Teterologausnewralzation activ even gnc 
the tier 1A ius Shae 3). However a stone 
‘roasneutraliztion response aginst ter 1 and 
er vse indi Bats and BOOSTS, 


Nb ranpone owe 1256 1284 
from ots sosnass Fine fee 
‘Terrie ats 
trope nt the ime 


structure, Neutralzation 
ta dered wnan sea from 
the incest abit ware 
tasted against a panel of 
G05 T332N vie mutants 
fare shown fable 3, Ras 
thus i ap120 where Ala 
bets reduce natal 
[aati by a factor of 5 010 
fd bya factor of S10 ae 
lore orange and ea 
raspectvaly, onthe BOSOS 
SOSIPSE4 crystal stuctre 
(P08 1D: ATV). Esch raat 
serum, dated by a four 
‘gt number te mapeed 
Irian enc case, the 
frst row 2 tp view ofthe 
ow. The sheesyaton sites 
that aac neutral by 
rab sera 1257, 1274, 1410, 
fand 142 are label For 
armprisen the bottom two 
panels trate the poston 
St ayeans (re), the cans 
resolved inthe esta sue glycan 
‘ure (gear, the seven 

fino si substtutons hat POSitions 
were unde alton gre “ 

Siren the 8508 infant, 

(73, te, ana te oats 

(oun 3.4) of the BAA 

Veco ana cH03 (oath to > 
the COdbs), PO, and 

THIS (all site ews 
‘ace or POD, top we 


PGT135 


WS 


ee 


‘ua dewloped by month 27. In 2 dlvet compar | inant month 7 sequence had seven C3 chang: | mers in rhesus macaques (fi 8, Thre of four 
‘son, werk 22 sem fon ur BOs0s SOsIPags | GIGHE 355, SSTK, LGKT, KO, AtAYT, and | sera neutralized the autologous HOSOSTSS2N 
‘uinerimmunized rabbits (256, U57, ZF, and | NESS (whlch removed a glean ste) A gpt20- | vus at week 26 (mediante, 7), while none 
1284) neuvalize BO5O5 and BOSOS SEAN 3+ | DSSSR variant comtlning all seven changes | of fur sera fom spl20-immunized animals dd 
ruses morestrongly than the ely infant sera, but | (ted 73) was unable to deplete autslogous | 50 (Fe 1 and ube S). By wook 5 the mean 
Jacked the neutralization bresdth preseat in | ahs fom ia of fe ofthe wt rats (num | autologous titer inthe macaques approsched 
the moath 27 serum (Table 3). Tha the eom- | bers 1254, 1256, 175, 1K and 1265) but was | thit in the rabbit at weeks 22 tp 26 (Le, 203 
‘inne timers induced NAD rspenssin rabbits | active against the other eight (Table 2). This | versus STO) (ig. 1E and table 4; compare to 
‘Guar imi, but not Mente, to the primary | varant also di? not deplete autologous Nas | Fi 1A) As the anypi20 and antérimes ELISA 
Infetion response of the human infu | fom gp20mmunied abt sera 267 and 1268, | tes in the macaus were love han i he ab- 


gas NAns were present in both specs “Thase findings undersre sine in how the | bis by for of -5 (SO, Aad Boxart 
To guide mumunogen design, we studed how | humoral immune systems of the two spedes | fy SAA, a suonger adluvant might be ava 
1G305 Env sequences evolved inthe infant. As | respond to BGSOS Ea. gous NAD ters against er 1 ines MBS 5 
expeted, the mouth 27 sequences were highly td MINA Were sara the week 26 and week 
tiergent (3s) fom those of week Sls partie | IMMUMogenicity of BG5OS SOSIPESS — | FF ene pointe and id tier mary te 
‘la, multiple changss within a Tosesdue seuss | timers In rhesus macaques ween ier ad mena soups a ek 5 Fe 


‘C3 (residues 354 wo 36) imply a strong sles | Ina plot study we compan te immunogenic | 1 F and C. None ofthe eight ea ead the 
‘on pres ont gon (eS) The redom- | yf BGs SOSUP ASH trimers andra mono- | bergans ter 2 clade C vine Ce Ci IE 


In the competition ELISA sera fom trimer 
‘immunized macaques induced stronger bNAb- 
osking responses than gy repens inti 


As tht reduced aces of C109 and VRC to 
the CDs and, to a laser extent, of 
‘he timer apex (fi SA Ia ain, the BOOS 


sp120-D568R proton, but not ts 703 variant, 
Aepleted BGS05 TSS2N Nabs from #967 sera 
(able the finding suggests tha, an some 


rar to 


Table 2 Summary of autologous NA species in sera fom rats 
sd macaques immunized with BGSOS SOSIPSGS timers or gpI20 
‘monomers wen nated ia diferent asaya, The Inmunagen poder 
‘ivtentent (i eas on gyeonaton pte), an at rer 
fe Used In the fet Ere columns The fourth ctu Ist Red 
(rte of 25 eras i is: se table 85)-The th oan st 20 
omois where substllors decease reualastion by 8 Tatar of >5 


(Qable $3), The sth column asthe domains tat, when mused or de 
pletion capacty (Tale), The seventh coluna Ets the BRAS for wich 
>50%h ty ta test serum (ig $8), Inco 4 and 5, ND = nt done (the 
‘eum wet al tested agate mute vis pad, Ineskenns 4 & and 


renonogen (CDA, block 
Z ca 1D mutants (ean) ‘mutants ‘epttion 
ia es viva 2 VS a Vc vc. TIE SES 
p20 i so cs a cHio val 


Table 3. Comparison of NAB responses indice by BGSOS SOSIPSGS trimer in abit and by natal infection of aninfant wits HIVA BGSOS vin. 
‘Seta tom ats 12561257 124 ae 124 rte emus Ga, a wash 22) ith BOSOS SOSPEA ners ware compared wth srs rr nar 


‘ulema mats. 
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rabbits the C5 region lnvoied inthis ator 
ogous response. 
Conclusions 


Tnduclng high ters of autolognas ter 2 NAbe 
ay bea nessa ftp in the lation of 
DNAs (9-0). The strong and consistent autor 
sous response tothe BGsa5 and Ba SOSTPG53 
fers reflects thelr naivelike structure, ho- 
‘mogenely, sabi, and antigenicity, aswell as 
the immunogen ofthe BGSO5 virus In the 
Infoted if (8 9, 12,3417. Taken together, 
the mapping studies show that multiple spec 
‘ets contbte tothe autologous NAb sponses 
sglns the RGGO5 trimers including ates 
{har recgnizegheandnueneed epitopes I a 
pabspecil response eould be achieved in hu 
‘mang, it might provide broader coverage agalnst 
‘ulting Viruses, Duta human cane must 
generate a more broadly neuvaling response 
‘thn e report ere 

“The native struure of SOSI.698 timers a 
Jos candidate immunogens to be rationally 
edesigued 1 try to improve immunogenic 
‘Relevant but not mutually exclusive strategies 
Include) intedacing sequence changes to 
cease the stability ofthe timer apex snd as 
sociated NAD epitopes while rucing the 
fntgenity of V5 and oer nowNAD epitopes 
‘ht may be immunologse drains; (i) nm 
iain with sequential SOSIPS! tines basal 
fn Intrarsing BGSUS soqueness or eactals of 
irene wins (eg. fam das A Ban 
fe) (9; or (pesmi wa mer asians hat 
‘agar desable germline responses (5,42), 
Overal cur mss song vad the comet of 
‘wing natvelke times and stu inna 
‘ono crest a HINT rine tt indaces DNA. 


Materials and methods 
Immunogens and immunizations 


‘The NGOs SOSTPAG timers p20 mone, 
and WESEKS undated gp140 proteins were 
‘ll produced and pure as reer pevonsty 
(aa: #4, 20) Unless sped, the prs were ex 
rested in HEK2@37 ells by transient ansfe 
lon and puri via a 262 nat afin eam 
{owed sae ecasion chmsography (SEC) 
Protein pres and properties were compart 
‘let those debe eben (0, 20, 5 
SOSI6S trners were sls xpeest in HERES 
lsat ack V-setyacsamingransterase | 
(GoT1"). The resulting Env proteins bear 2 
as that re not lly processed and remain in 
ligamannose forma 2,2) Samples of the 298 
‘allied tiers were ented wth he Edad 
fiyesidas, as previously described, to redace 
{het total gan content (25) The cade B Bat 
SSI and Ba SOSIPSH Dra mers wine 
royce from stuble CHO cel ins that were 
featured in 0.59% serum (9). The trimers were 
puried by 2612 affinity chromatography fo 
Towed by SEC, as described ebewhere: the ex 
teat of Vtlipping was neglile (9. The VU2 
pHO-Fd protein vas made in HEK29ST ces 
{dr eanrat fr IVI by GStevarJones (Unk 
erty of Osta decsed (8. 


Rabbit immunizations and blood samping 
were curled out under subcontract at Covance 
(Dass PA) accerdiag to te schdle prseted 
ni. Si, Female New Zealand White eabits 
(sual per group were immunized inwamus- 
clay with 50 yf ofthe various En protains 
(40 yg in experiment 2). The proteins Were for 
‘usted in 7 Units of ISCOMATX, spe 
sed adjuvant obtained fom CSL Li. (Pare 
Ville, Vela, Austral) (45) Macaque imme 
‘ations and bleed sampling were eased ut 
ft the Wconsn Primate Center according 0 
‘he seedling SL Rhesus maces (pet 
soup) were immunized intramuselaly with 
100 ig of BGs0s SOSIP-684 or gpi20 proteins 
formulate in 75 units of ISCOMATIUX. 


‘mAbs and human sera 


The mAs use here were provided by the fo. 
lowing individuals: CH10S and CHS, B. Haynes 
(Duke Universi: VROOL , Kwong and J Masala 
(MIH/VHC, Beta MD) NIS5-46, NESS 46, 
SBNOGO, NCU, 2A, 124 Mf. Nasenzveig 
(Mackfeler Unies); various mAbs used fot 
‘er eusication, $.Zal-Pazmer (Ne York Un- 
versity Sci of Medien) abs 2012 and 205 
‘were obtained through the NIH AIDS Reagent 
Program, Division of AIDS, NIAID, NIH fom H. 
Kaunger The serum samgies wel for the neue 
{nation sensitivity (Le, te) asication of 
GSOSTRION have been described elsewhere 
(4) Sera obtained tom indsaduals chronialy 
Inde with dade HIV sane we is fom 
4B. Haynes and A. MeKnight (Barts & London 
‘Medical Schol)- Ab ARPSII used or Western 
boting was acquired rom the Progzamne EVA 
Centre for AIDS Reagent 


£86505 viruses and serum 


‘The BG505 infant was HIVel DNA-negative at 
bgt, but DNA-posive 8 weeks ter, suggesting 
‘hat infection oxcued within Wis window (3) 
“The sequence of a week 6 done isthe bass of 
the Bas SOSIPGY protein construc n Which 
‘TON substitution was made to restore BNA 
pitopes that eget Ns yen (410.24). 
‘The same change ws made wo nate the BGSOS 
“TRON vit the week 6 BGHDS vn (0. 
Serum samples were stallale from week 6, 
week i and month 27 


ELISA reagents and procedures 
‘The D7sa+epitopetagged version of BGs05 
SOSIPss, refered to as SOSIP.64D7125, 
nd BGs0s gpi20 witha reconstructed D725 
pope in C5, wore made a dsb previously 
(Go). RCSF epi wns prepared by D. Rule at 
the Scripps Center for Antibady Deveopaent 
and Production (La Jolla, CA) using transient 
transfection of HEK209F cell and purified by 
Galanthus tas etn (Vetr Las, Binge, 
CA) aiaty ehromatography followed by SEC 
sing Sephcry S008K column. Amb-E20 an 
sntsrimer ELISAS using the above proteins as 
ulgns wore pefonmed as dese previously 
(ao) The Ctl Hirtuged BGS05 SOSIP 
‘is wimer was prepared as described peesiously 


(0737, Histagged RGSS gp (gpst Hs was 
produced a follows: A His agzed version of the 
'5Gs05 1.664 gpi4o protein, whieh Is Dased on 
the SOSIP i consruct ut withthe SOS dsl- 
fie bod omit (4 was expres in he pres 
ence feces ira in 20 coll, The protein was 
rife via the Histag using NENTA etvomatog- 
‘phy with eon using 250 mM iol, 
lewd by te rounds of negative selection using 
‘2G BNA column to emo any slg 
fF uncleaved gpi0 protein. The pufed pst 
poten bound the gpatspeific now-NAb F240 
fen, but didnot bind G12 or VRCOL ae 
‘eating that contaminant p10 or gp}H0 peor 
‘ens were ut sent (data nt showa)Te gt 
protla alo dd ot bind the PETS oe SBE 
NAb sugsting ha it was not in pesixion 
conformation (57,47) NENTA ELISAS using Hs- 
‘agged trimers and the spat prin were per 


ofthe maximum binding signal, a assed in 
price tation experiment, with no compet- 
tor present) The Bound BNAD was detected sing 
hseradish peroxidase (HRP}labeled steptae 
din. As the PETS, 502, and SBCs BNA, 
and als CD#1g62, cold not be biotinylated 
‘without impaling thelr binding activity (7) we 
Aletectedunlabeed an BNA sing aa HRP 
lebeled donkey ant-humat IgG conjugate tat 
was minimally erosseuctive with Tabb IgG 
(ckson Immnanoesateh, Westgzowe, PA) The 
Inter assay format was unsuitable for macaque 
sera becuse the ant-hunan ano stv 
with macaque IgG. As result twas not pase 
SHbleto test the macaque sera or Inibitan of 
PGMS, 85029, RCM, or CDE! binding to 
the ter. 

“To snalyae the relative ters for serum ant- 
body binding wo sontematioal near epitopes, 
‘umes (01 n/m oF monomers (0.0 ym) 
were denatured ty heating for 5 min at 99°C in 
504 o THS, 10% FCS, 16 SDS, and 0 ma Dt 
(dium dod! slit, SDS hott DTT) 
“The samples wore then luted bya ator of 40 
‘TS and 10% CS ty prevent SDS and DIT 
‘hun inrering wit the ELISA The we of bth 
SS and DIT ensues thatthe En pein ae 
fly denstured by hast weamen 48. The native 
fr denatured proteins were then used ina DEA 
pure ELISA, eset as dese elsewhere 
(ay. The ative nacion o bndig t the 
Senate ess native Env prtins was eee 
ted heb inal ing ees EC 


[Neutralization assays 
‘T2M coll neutralization assays using Env 
scudotyped viruses were performed ast sites 
For additional information on the assay and 
all supporting prota see ww hin. gor 
‘cntet/na-teetencertaae/lomedins. The 
formance sks were as fas: FIMS, Harvard 
Medical Schoo, and DUMC, Duke University 


Medical Center (fr mtonalogy se (4) AV, 
Inemational AIDS Vacsne lite, Booka, 
[NY (lar methodology se (28), AMC, Arademe 
‘Madi Cente, Anse (needle 5) 
‘WME, Weil Comel Madd Clg, New York 
(meadology so (5) FHCRC, Fed Hutchinson 
(Canx Haste Cents, Seat, WA (methodology 
see TSR The Sp Resear nse me 
‘ology se (The Env-peudotype viruses 
fd ther ter dasiitions have been describe 
‘Abeer (8 2-25), as have the BASDS TAN 
and BG#05 Eny-pscudotyped vss (5, 10,24). 
The BGs0s.T3S2N Eav-pseudtyped Vs was 
‘sed exept when the test virus is speiieally 
Stated tn be BOSS (e, without the TSN sale 
Stun) Also note that the MN Ei pseudo- 
{yped virus used at DUM is designated B03. 
‘Wedd not use the A1RS cl sety Desist 
nce hat poe fase patie, od eno: 
‘ieadog detesien of NAbs to ee 3 virus 

‘Ter eategniaion of the BOSOS TSN and 
‘ba Eny-pseudoyped vires was based on the 
neutralization sensitivity oa panel of mAbs d- 
ced gain vats eps as ell 8 panel 
‘of sera from humans Infsted with dade A v- 
‘uses a comparison with previously Geral ¥- 
ruses (52. Data an BGSOS-TSS2N seas to 
nother pando #0 mAbs can be ound elewhare 
(G0) For both uses the er easicaton expe 
‘ents were peormed at DUM: We ensue 
fort of BGHOSTSGN alanine mutans for mp 
ing NAb responses (ae SH. 


‘Neutralization depletion experiments 
Proteins for neutlizston depletion exper: 
‘ments [BGS05 p120-DAGAR ad avant BOOS 
Sosa oes; RSC Gm) wee exes rae 
Sten in HEK29SE els and pried by 2G2- 


tei. The Ds change as inoue ensure 
{hat the gan or SOSIPA64 pido proline da 
‘ot bind to CDS on the cell surface and there 
{nhbt HIV infedon competitively. ELISA ex- 
periments confimed thatthe DOSHR substi 
ton suongly reduced the binding of CDS and 
several CD NAN to BGS p20 The xp2o- 
‘ski 703 reagent contains seven amino ac 
fangs in Cs (GIA, 858, TET, 18, R360, 
‘ABSIT, and NSK) based on tae moh 77 5 
(queats em Inst BOOS (BS) Sabsttions 
and deletions Were made using the Quickshange 
‘mutagenesis Kit (Aplent, Santa Clara, CA) The 
plasmid expressing RSCS donated by P. Kwong 
and J. Mascolu, NIH/VRC, Bethesda, MD) has 
‘ows described elsewhere Ge). The bass for the 
design ofthe Basas VIVE-seafold protein has 
bo been described (7). The proten Was x 
reso in HESS Gaels and puri 
‘iis Caerminal 6H tag using NENTA cho 
‘atogtpby abd NIC) ello, flowed by SEL 
fn a Superdex 200 eaiuma The theareea MW 
ofthe seal, icing glean, i 25 MD. 
'Gs0s-derved peptides withthe folowing 
Sequences were purchased fom Genserpe (ist 
‘saa, AU) Vis TNVINNITDDMRGELAM, V2 
(6 cxelapping peptides MITELRDKKQRVISL, 


\VKLIPLEVILQCINVINNITDDMRGELKN. 
‘To characterize the specificities of NAD 1e- 
sponses indeed inthe vabbits, we Ieubsted 
competitor En proteins or peptides with ap- 
fropriatly cuted sera tal tune 25) for 
‘hour a 79. The eompetitor Ea pectin were 
present ata concentration of 40 palm except 
for the ViVascaffold protein (20 ug/mDy The 
compettr peptides wer lo used at $0 yl, 
‘scept tht ea nda component a cock 
tall of 5 overlapping V2 peptides was present 
at 20 pg/ml The Eny-sseudotyped virus was 
then added to the serumeompetiior mise 
fart hour before nection of TZ target cls 
as insted. The est ofthe aay was eared 
fut as deserted above and elsewhere (0), Neue 
tullation tes wore expressed asthe repeal 
serum dluton that caused 50% inhibition of 
‘ous infection 1) The exten of wetrzation 
leptin hy these eompetor Was expressed 
tthe relate reduction fa the Ive 


Pepscan analysis 
‘emer peptides oeaping by 14 residues tom 
{he BGHEG SOS. ae well asthe unmodified 
[G05 ito sequencs, were suse by Funoe 
supling on the sod suport of eps = 
Arogl (58)- The peptide Ubaves were ube 
‘with eatin human ser ata 13000 d- 
Tuon After eens washing a gpatant-human 
[HRP canted secondary antbedy Was dl, 
followed by enor development using 2a. 
bisietitenandaotin- Gsuponie ald). A 
‘charge-coupled device camera was used Yo quae 
‘iy the absorbance at 408 nm. Fo every inde 
ual Pepscan dataset, the data were normalized 
to the average signal intensity dexvad fm the 
vera ana 


[Negative-stan electron microscopy 
“The BGs0s WESEKS, wGs05 SOStP.554, and 
YU? gp}0-Fa proteins, as wel ws ISCOMATIUDS 
adjuantsemulated BGS05 SOSIPS64 wines, 
‘were mle by esta EM. Samples were 
pared for anal a desea 0 1) Brit, 
2 allquo contig -001 mag pr slo poe 
tein was applied for 5s onto a earbonoated 
00 Ga sh god that had been lowcechaged 
120 mA for 30 then negatively stained with 
2% Cw) urn oma for 60 Data were eo 
tested using an FEE Teena TH ectron mer 
Scope oerting at 20 ke, with an eeton dase 
fa -25 6/4 al a magaeaion of 52000 that 
resulted in piel sizeof 205 Aat the specimen 
le ges were ane With Tt Teman- 
Bg CMOS camera sings nmin defies range 
sf 900 0 1300 nm. 

ata procesing methods were adapted from 
‘Bowe usd revs, Pst were pict 
sutomatically using DoG Picker and put into 2 
parce stack using the Appion software pack 
ge (0), nial, references, two-imensional 
(2) eas averages wore eaculated Using pal 
Sides binned by two via Hert Afuivarate 


Satis Anas (MSAYMutieference Ale 
‘ment (IRA) a srt into clases (0). Parties 
ermespendig ones were sek nt Su 
stuck and binned by two before another round 
ff eerencefie alignment was cid ot using 
erative MSAMRA and Xmipp Clustering and 
2D alignment algoritus (6, 
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HIV-1 neutralizing antibodies induced 
by native-like envelope trimers 
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EXTRODUCTION: A major gol of HVA ve- | resolution structures of the BGH0S timers 
ine development isto identify immunogens | reinforce ths perspective. In contrast other 
fapale of inducing protective titers of brac- | trimer designs (unceawed gp) that lac the 
Jy noutralizing antibodies (bNAbs) against | SOSIP modiestions and are based en elin- 
ireulating, neutralzation-resistant (ter 2) | inating the intrsubuait protecyic cleavage 
Viruses The envelope glyeoprotein (En) tr | site adopt noo-natve configurations. 

mer on the virus surface isthe only BNA 

‘target and accordingly serves asthe bass for | RATIONALE: To determine the NAB response 
recombinant protein inmunogens intended | elicted by natvesike timers, we immunized 
to induce BNAbe We have engineered solu- | rabbits and macaques with BGS05 SOSIP.668 
ble, recombinant trimers based on the BGSO5 | gpH¥0 proteins, and rabits with their BAL 
lade A and B41 clade B tier viruses, These | counterparts For eomparson with the BGSOS 
proteolytically cleaved and staiized trimer, | trimer, we asp tested gp120 monomers and 
‘designated BGS0S and B41 SOSIP.664 gpi4o, | uncleaved got40 proteins of the sume geno- 
Aisplay multiple BNA epitopes and have an- | type. We characterized the resulting antibody 
sigan properties that mimic viral Env. High- | responses by quantifying their ability to peu 


Soke Immo 
ne 


Y 


P<00001 


Uru sosrase 
‘ua uo 
ened inte) (nee ies) 


‘Autologous tier 2 NAB responses in animals immunized with native-tike (SOSIR664)tr- 
‘mers oF non-native uncleaved gpl40s. (Left) Representative feferencetree 2D class averages 
‘of negative-sisn electron microscopy (EM) images ofthe uncleaved BGS gpl and the native 
"ke BGSOS SOSIPSEA trmers The ltstratons (orange) of the two categories af En pte are 
‘based on negate stan EM. (Right) Autologous ti 2 aru NAD fers (C50) in 50 animals 
immunized wth various unelesved gplND preter, compares to ters the 30 abit gen the 
[BGSO5 or 841 SOSIPE64 trmers described here (se legend of Fg. 2 te ul are for deta: 
P< 00001, twortaiea Mann Whitney test. 


tlle the autologous tor 2 views and mut- 
le heterologos ier 1 (neutralization sensitive) 
tnd tier 2 viruses. We mapped the BGS05 
‘Ab responses using various techniques, in- 


‘ding a large panel of Enw-psendoryped ¥i- 


RESULTS: Hiss SOSIP.664 timers consis- 
ently induced potent Nas against the autor 
ogous tie 2 isin eabits and sil ut 
weaker responses in macaques. Cost-eactie 
‘abs agains the more sensitive te 1 viruses 
‘were also induced inal the immunized ane 
‘mals, bu heterologous neutalzation of tet 

2 viruses was seen only 
weakly and sporadically. 
Reade ul orete THe mab responses to 
Sreiidllsl"** pat soste.66s timers 
fa/ioa5) "ere qualitatively smiar 
Secoasctn mnie ee nasa 

trimer epiens. The au- 
tologous tier 2 NAD ters to both SOST.664 
trimers were greater than any such responses 
vist observed sing various unceaved 
PHO proteins, induding the BOSS version 
‘ed inthis study. The rabbit ter 2 and ter 
{TNAD responses to the BGS05 SOSTP 66 = 
tnere were uncorrelated. Mapping stodies 
showed the tier 2 NAbs recognized confor- 
‘mational epitopes that differed Between ane 
mats. some eases, these NAbs targeted 
components of the gvean shield previously 
ssscited with BNAD epitopes. In contrast, 
the tee 1 NAbs targeted tinea epitopes in 
‘he gpI20 V3 region, 


CONCLUSIONS: Although an autologous 
tier NAb response isnot sufficient for ¥ace 
sine protection against HIV, it may be a 
‘ecessury step in various strategies intended 
to induce BNAbs. Thus our findings indicate 
tht native-lke trimers present promising 
starting point forthe further development 
ff recombinant Env immunogens intended 
to broaden the NAb response. The high 
resolition structures of SOSIP.OGH timers 
allo improvements tobe rationally designed. 
[Relevant sategiesinclode the further stabli- 
zation of trimer-assciated bNAb epitopes 
‘while reducing the antigenicity of Vt and 
other non-neutralizng epitopes that may be 
distactive, immunizing with longitudinal 
series of SOSIP.¢ trimers from infected 
Individuals who generate BNA; wing timer 
cocktails (ex rom elades A 8, and C); and 
priming with timer variants that trigger 
desirable germline responses before boosting 
with wilype trimers 


(aa) bor ince 
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‘challenge for HIV: immunogen design isthe difculty of inducing neutralizing antibodies 
(Abs) against neutralzation resistant (ter 2) viruses that dominate human 
transmissions We show that a soluble recombinant HIV envelope glycoprotein trimer that 
{adopts a native conformation, 80505 SOSIP6SA, induced NAbs potently against the 
‘Sequence: matched ter 2 virus in rabbits and similar but weaker responses in macaques. 
‘The trimer also consistently induced cross-reactive NAbs against mare sensitive (er 1) 
viruses. Tier 2 NAbs recognized conformational epitopes that cffeed between animals and 
In some cases overlapped with those recognized by breadly neutralizing antibodies 
(DNAbS), whereas ter 1 responses targeted linear V3 epitopes. A second trimer, 84] 
‘SOSIP6SA, also induced a strong autologous ter 2 NAb response in rabbits. Thus. natve- 
like trimers represent a promising starting point for the development of HIV vaccines 
aimed at inducing PNAS. 


major goal of HIVa vacine development | ton of fied antigenic composition. However: the 
[Sto Menify immunogens capble of in- | induction of autslgous NAbs to ater 2 ius 
fling protective tes of broadly neutral | woud be an ensellnt stating pot for erste 
‘ing antibodies (HAs) aginst dreulating | vase design 3-6 
‘russ wih a er 2 or higher reastanee | "One or mare ofthe BNAb epitopes present on 
rofl (Vises with these charters ae | native, ronassodated timers are abo found 
‘he moet commonly ransmated stains of FIV, | on yrous En-tased immunogen iting c- 
fand hence they dominate new infections The | uble monomere gpi20 and matienie gros 
‘humoral inimune response of infced indvid- | that contin hth the reptorbinding p20 and 
‘ab cates anthad}-nedated sdeton presure | fsiarensblng xpStectadomain (gpHice) sabe 
fn the wus which can generally only persist and units These various forms of En ae all dived 
be wansmited if tis anbesy-resisant A suse | from the veal gp160 precursor protein whieh 
‘al ang then, must be ale inde anes | 1s proteolytically cleaved into the gp120 and 
‘ut can counter the vins’s evolved resistance | gpAMgoyy subunits when it is peosssed within 
‘mechanisms. In adation, th global sequence | the cll and forms membraneastcated winers 
diversity among HIV striae isso geat that | Tor racial purses rant Ex-ased imno 
‘aceineinduced antibodies should target rel | gens are made as soluble proteins by limint- 
they conserved sts and herby posse reach | ing the membranespanning domain of ple 
fofacion A avsne wih the requed properties | and erating enites kun a gpd In some 
‘ust be asd onthe envelope denpetin (En), | eases the spAtycv» dons 6 aso removed 
‘the gplao-gpH trimer on the vine sure is | make monomeric gplz0 protein The salable 
‘he only BNAD target. Afertwo or more eas of | gp1s0s oligomerze via intrations beeen their 
"HIV infation, amon dvebp BNA, | gpAaens eomponens, However, the oligomers 
wh can seve as terplits for wane design | are wry unstable unless the onset subi 
by exposing vulnerabilities in the vil defense | zed ether by eliminating the deavage se be- 
ssdhnisns (D. Recaie BNADS usually evive | teen gp120 and gpAlacy to make a standard 
ftom stalrspecieautologuus NAbs ia mult | uncleaved gplt0 poteln, or by introducing pe 
ple eyes of ial escape and antibody affinity | ee wimerstablzing changes into the properly 
‘aturaton (eseved in 2,37 tis unlely that | cleaved fom of gpl. We have favored the la- 
[NAS can be mabed agains any sige Env p+ | ter stay’ by masking stabil, eave mers 


‘hat are designated SOSIPAS# gp10s; the SOS 
term denotes an intermolecular dul bond 
enginsered to ink the gp20 and gpl sabe 
unis, whe IP signifies an He —+ Pro point 
‘btitlon that malntalns the EPH Sa 
nents in thelr resin frm. 

Here, we evaluate the immunogenicity of a 
SOSIP G4 timer based on the BGO cade A 
‘is, which was oat from a 6ecl ae 
ft who later develope ab response with- 
|n-2 yeas of infection (7, 8). We so tested, in 
les deta second SOSIP.668 trier based on 
‘ede adult inetion founder vaus Ba 
The BGSOS and B41 SOSLPaG4 timers display 
‘mulple BAD epitopes but few non neaalizing 
A (oon-NAD) epitopes hat muy serve a mm 
‘olga dsvaction (20 The integsty and 
athe appearance of the BG5DS SOSTP.AS4 
{rime ndings complex quatemary epitopes, 
‘were previcusly confined by higesoation 
{syo-decron microscopy (eoEM) and ay 
ql stuctunes the fst hgesluon 
Aepietions of the HIV? ny trimer (1-19. In 
‘hissy we eonfucted animal immunities 
iments to determine whlch NA spate an 
tinue bt dirt nateslke SOSTP56 
trimer mimics of the native Env ke td we 
ema comperizons with gpI20 monomers and 
Sandard dese of uncaed gplo immune. 


Immunogenicity of BG505 SOSIPSE4 
‘trimers in rabbits 


‘The various immunngens tested in thls study 
ae depleted schemateally in SLA slang with 
‘hel confmatons, whi re basal on aegaie- 
stuln EM images that are strongly supported 
by antigenicity and by blophysieal and glean 
composition data (fg. 82 and $3) (0-20) Five 
fieent experiments were performed, four in 
‘abbits and one i macaques (St) In gene 
‘al the anion seme was based an tH 
‘losly separated inital doses (weeks 0 and 4) 
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followed by a third dose after prolonged rest | soquencematched WESEKS spo protein (17. | mess are consistent regu, bed, propa: 
period of usually 18 weeks (2 ‘Toe gal f the comparsons withthe YU? gpi0- | shaped structs (2,10, 1). Fly, Ia abbi 

‘he st stay, in rabbits compared the in- | Fl and BGans WESERS proteins was to exlae | epurinent-4 we assed the abi of SOSIP664 
munogeniy of lade A HGsos SOSIPSGs ti | whether anatnedke timer conformation iste- | timers based on the cade B47 genotype and 
‘ers and p20 monomers both of whieh were | nil or immunogen, Prowaji demage of | produced in CHO cells (9) to induce NAD r= 
rode in 2958 Gel, 20) SA). | p20 fom goby ea for sible p40 | sponses agains the sutlogous ter 2 BA vrs 
To ass whether wimer gheceylation acted | Uimastomaaln navel stucures standard | The st-gp20, agp, and ant-uime bi 
Immunogenicity, in rabbit experiment 2 we | unclved gpHi0 proteins hed on multiple di- | ing anubody tes induc over tine by the va 
Immunand thw goups of bis with BGs05 | ferent sequences, iduding YU? gp}o-Fd and | lous Env proteins ae summarized inf $4. To 
SOSIPSG4 uimes produc in 20ST cls (natural | BGs05 WISER, are known to predminanly | quantify the NAb responses 2 weeks afer the 
Ayeaglton), 2958 Ga alls (olyomannose- | adopt aberant, nonnative conformations that | third immunization (at eek 2 of, for some 
nly gheans (2,27) or 2988 Ga” calls olowe | ean be deat distinguished fom the native, | rabbits week 25, we used the TMDL elas 
Dy indo westneat yeadeplted (2, 29)) In | caved SOSIPS6 tama (1-77 (SUA). Thus, | hid s based on uansactvaon ofa lurase 
rabbit experiment 1, i addon to the BGs05 | when viewed by EM, the standard unceaved | feporter gene by an infecting ius (Fg. 1 and 
9120 manemer comparator pens, we also | gpH0s have an lrguls and noo-uthe coag- | table SD. We were puticlarly intrested in a- 
{ted cade BYU uncon gpH0 prc ew | ation: equeny sen ages represent slaved | sessing the NAb response othe autologus Le, 
taining Foldan uimerzation damaln that as | out, somidsscated p20 subunits linked by | sequencematcied) BGSOSTSIN vrs ast har 
roduc in 2957 es (1 gpHOF) (i) In aby | the uconed intesubunit sound oaeentaleore | a neutalzatonnsisunt tier 2 phenogpe. Ar 
[btexpinent we campured BGs05 SOSIP.868 | compesing the golly. emponents (4-7. In| though almost al Env posi immunogen (2, 
trimers with the uneesved, noo-native BG505 | contrast the Hceos and an Bet SOSLP64 t+ | gpa monomers, unceaved gplOs) ean rise 


Fig. induction of autologous 
ler 2 and heterologous ter 1 

[NAD responses in rabbits and 
macaques. (Ao D) Each pail 
Shows the $9 nautralaaton ters 
(Cag TEM ce asta) for era 
from every mune rab, 
ranged inthe groups outlined n 
tig SL For canvenence, at 20 
[30505 SOSIPs64 ecient abbts 
(@youps Land 4 ta7) were combined 
Into one group. The dated ines 
Separate graups that were included 
Inthe same immunization expert 
‘ment. Each pane! ists the est vis, 
Is ter esses, and he lcs 
‘on of he testing laboratory (43) 
(Gee Matenals ana Metnoas for 
performance st abbreviations) For 
{tonal neutralization dat an 
at sara eee tables Stand 52 
(Eto) Each pane shows the 69% Se eae am ee a oer ot 
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macaque sera (T2M-3 assay Shale 
[DUMC) agains he specie vines TEtipt(iseiasy sceassour et web (0s) sr 81m) Ss Ss. 24095 

for sera'vom all eg animals ps ae am ena pt 0 Sup te a css so neem 
(ergeizes by oun) at week 26, ‘Seopa ava ted ah) Stu ee te cho wr ss gpa 8 

Sraait tom ator bine Sree area ont sosh et gpso ss) Sos7 sa SOs (a 

imuniad anal (grou 9) at Sup ame a sn SOS an tn) 

‘week 58 The group 10 armas 

feemed no trier golad immun Emmmnevrzcekna Famarnencncone G marmencananc H enrns.cewe oie 
atone after week 24 For additonal SO 

‘eutralztion dats an macaque Fe 

Sia soe tale $4 Not that the j ° 

Sales used for the 5% neutral 

{on ters sometimes vary beeen 
pana Negave-stain EM images” 
Othe gpl40immunagers me 

Shown nf 82 ana the bass 

forthe eartoon depletion shown 

‘youn (26505 En or yelon/oue 

(U2 apie). The ISCOMATREK 
Ajuvan had no detectable adverse 

ttect on the antgerictyof eters, stsassec by ELISA or on ther appearance In negatiestan EM images (ig 53). “P< 005 **+-< 00005 by 
wo taled Man-uny test. 
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NAbe against various neutnllztionsenstve 
tier 1 viruses, the induction of NAbs that are 
tle to counter a ter 3 viuseven an autor 
gous one—has been challenging Could a native 
Tie tener do eter? 

‘We found tat all 20 sea from the B305 
SOSIP=t uimersminied rabbits neta 
{he autos (He, seguencemated) He 2 Ns 
[OSO5"SS2N (0), wth tes that ranged fom 
9 to 70 (median 570; Fg 14). There was 0 
‘scerle diference inthe magnitude of the 
autologous NAb responses tothe the diferent 
‘numer lyenslatin varants (Fg. 1A groups + 
to 6) Sors fom the BG505 p20 monomer r= 
‘iplents also neutralized the autologous vis, 
though with «lower median ter of 270 Pig 
1A group 2) BGs05 gp120 is unusual as it was 
Selected to bind PGS and is known tobe ape 
‘ell immunogenic (24) may ae relevant 
that HGS gp120 was pued via a BNAD co 
‘um (inthis ease 261, whlch may slet for 
‘more natvelke forms of sp120 relative eter 
‘methods, The uncleaved BGS0S WEEKS gp40 
{Induced no Nabs aginst the autologous Bas05 
TSN vis (median ter 20) Fig 1A, roup 
{whereas the uncaned YU2 gpH0-Fd indus 
[NAb azalnst the alogs,clade-B YU2 virus 
only weakly (median ter 96) Fig 1D, ou 3). 
‘The fren tween the ales er ® NAB 
espunses tothe natveke BOS0s SOSIPS54 
‘mer and the nonate WESERS gy was 
nist (= 09 forthe inespeiment (n= 


Fig. 2. Comparative depiction af the stale: 
ouster 2 NAL responses elicited in rabbits 

fr gulnes pigs by various Env protelns. (A) 
ach data pait represents the Ip neutral 

‘ian titer for seu dee frm an inl 
imal immunized win the stated gpa praten 
(Gome ot when ncorporated an F teraction 
‘domain when tested inthe TZM2 cal arsay 
agaist the sequence matched (.autlogous) 

‘er 2 vis. The plated vabes are taken frm 

‘he folowing paper: O2UGOS7S gp Fa (25) 

n= 18), Qaole? goldo (12), = 6}, Q158a2 

pO (25) = 6) Yue grt Fa hs paper 

fable Sb, OZAG70I2 gpidoFa (25). = 15, 
‘80505 gpi40 (WTESEKS: th paper: = 4 table 
SI), BGEDS SOSIPSEA (ins paper n= 20 table 
SI) and Bt SOSP SAA (ins paper = 10). To 
rnumize the impacto cross suey varibes we 
"ested the cmparon fo ements 
animals (abs and guinea gs). to Er pte 
bbsed on ter 2 ruses ant fo dota generated 
sng the T2M basso under bay sear ea 
‘ions. inne rgptmost two colar the data 
ont foreach the resid apis el ay. 
as) are pote to alow a stata comparison 
Wh the eameed BGS0S and Bal SOSIPESS 
{irre groups (ue sro). The aflrance nthe median ves highiy 
Sauteant ( < OOOO! by twotaled Mann Whirey test). The cote and 
shed rex dante tere ot 105 and 329 that are rare to cnr S% 
and S0% protection, respctaely, to macaques m paste tanster exper 
ments (22) (B to B Yarcus tan atbody and NAb espenses at Weak 22 
(eek 25 fr expert 3) mall 20 BGS0S tamer snared fais Wa 
feaperments 11a 4 were cass compared a olews: (8) SFIE2 NADs versus 


‘Autologous neutralization ters 


esus n= 4 comparison: ? = 0.0002 when al 
20 BGS SOSIPE tener rcplente were Ia- 
‘Sled twoaled Mans-Whitey est] Pig 18) 
‘The poor responses to the WESEKS and YU2 
proteins are consistent with multiple reports 
that various uncleved gpis0s are notable to 
finduce NA that can neutralize autologous 
ter 2 ines consistently inthe ZED cel asay 
(25-20) The lack of an atoignis NAb response 
to the BG20s WTSEKS proteins mis that the 
[BGSaSTS virus i not an type sensitive 
‘ier 2 vin that lea to any BOS Exe 
binding aniboe,"The afro of WESERS 
p40 to gp120 monomers may be because of 
formation of aberrant trae and ntersubanit 
Aisulnde bonds in unclesed gptss tat eeate 
non-native gp120 molt (20, 3. 

‘We condeted an adatonal rabbi imanano- 
genlaty experiment inoling a Second native 
Ike trimer, B4 SOSIP 65, based ona cae 
‘et 2 transmitted /ounder virus (Gg 1) (9). 
"ight of animals given these times responded 
by generating an autologous NAD response, with 
ned titer of 2555 (Fig. 24), Heterologous 
‘er but nut er2, NA espouses were induced 
{nl bbs, Hence the rabbit response tote 
1 rims is quately similar to Wit was 
Induced by their RGsos counterparts, The me- 
ian aolgous ters agalnst these two versions 
fof fully natvedike SOSTPS6s timers (BGS05, 
57, BA, 255, combined group, 19) exceeded 
{hase reported to confer 50% and 80% prtzetion 


(405 and 9, spectively) in macaque pase: 
transfer experiments (3) Pig. 24). Rat in 
‘munizauon experiments were eonducted several 
ars ag using earler generations of SOSI51 
trimers ved nthe JFL. and KNEE geo 
‘yp (5), Autologous ie 2 NAbs were only 
Inconsistenly induced in those experiments 
However, hase timers, aldiough eleed, were 
ithe nt fully uativelike GICFL) or prone 
aggregate formation (KNHII44), which may 
'ccnunt for their poor immunogen 

‘To gan a ational perspective onthe mage 
ride the uaogous NAD esto te BGS 
‘nd BAL SOSIP.AS4 timers, we compare them 
With previously reported animal immunization 
fata derived using four unclaved gp1s0 peo- 
teins based nemo sequences fom the te 2 ve 
sts SHUGRSTS Qe, 682 and CZAGTN 
(25,29 (ig 24), We aa included the sutlog- 
‘us NAD ters forthe YU? gp}s0-Fd and BO505 
\WESEKS immunogens shown in Fig. 1A. The 
four additional uncleaved gpls0s were of sta- 
lag designs that ae known or expected 0 
Semble the neganvestain EM mages of the 
‘undleaved YU2 gpr40-Ed and #G505 WTSEKS 
pli0s shove in Og 82 (4 16, 10). The auto- 
Fogous NAb ters induced by the BGS0S and 
BAL SOSIP.G6s trimers were greater than the 
rresponding responses to an hr Ba peo 
fen When the combined SOSH tier sou 
(median ther 199, range 20 to 38,598; = 30 
rabbits) were compared with the combined 


MN. Abs; (C) BGE057322N NADs versus SFIS2 NAbS (D) timer nrg 
As vers AGSOST2E2N Nats: (E) gpl20-being Abs versus SFI62 NAb. 
The NAB data ae the recpocal ofthe serum dst gn 50% nhition 
(a) the beng Ab data ae the epoca af the serum dion ang 08% 
of the maemum sgn in ELISA (Eg). The Spearman ¢ ana vals for the 
Fespacine covteons are gen. Addtenal erate aralses 35 wall 
season the satstes ae presente in fg 8S. 


uncles p40 groups (median tier <20, range 
‘<0 ty 55; n= 50 animals the diference was 
ght sgiiant (P< 000, tvoralled Manne 
‘whiney ts). The magnitude of the dtenence 
between the response to the SOSIPSS# timers 
nd the response to the ots Eny potelns 5 30 
feat that Immunization protocol variations 
(Guch as dosing, schedule, the use of priming 
eet, and the Mdewtity ofthe adjuvant are 
‘unlikely to be responsible. Thus, such vaables 
‘play inience er 1 NAb ties bya fe me 
ple but do nt maketh immunogen spable 
flung atogous ber 2 Nabs 

Sen oma BC SOSH 654 rimec muni 
abhi were usualy iefeeuve against hetero- 
Toons, neutrlvaton resistant er 2 vss a 
though we dd se some speradie neutralization 
alow 1G ters of 30 to 10 (Pig. D and tables 
Stand $2) The rabbi sera ad, however, com 
Ststenlyneutalle more sensitive heterologous 
‘er vse fom diferent des, icing te 
uluasensiive ter 1A viruses MW95526 (clade C. 
ig 18), SP162 and MN (both lade B; Fae 1C 
and tabi Sand the er 8 ruses BZI6T, Bal, 
53 al dade Babe Sand 98605 (lade 
(table Si, The TAME asay er inthe 1008 
fn 100s forthe ter LA and 1B vince, espe 
they, are comparable to or eter than ers 
‘eporied ram multiple animal studies of asious 
‘monomeric p20 or undewed p40 prin, 
sare the neglighletitrsagunstheteologas 
$e vss 05, 25-299), Overl the ter 1 NAb 
responses to the BG505 SOSIP64, spI20 and 
WISEKS 0 immunoges were gna sin- 
Slr (Fig 1B and C, and table Si) Hence, what 
distinguishes the natvetike SOSIP.864 timers 
fom the ater two ny immunogen designs is 
‘ot thei biity to induce an antibady response 
ers, but rather the eltstion of «consistent 
nd strong NAb response against the autor 
ous er virus, 


‘Tier Land tier2 NAB titers do 
not correlate 


To gain an understanding of why the native tke 
‘ners fered fom the oer En potlns, we 
analyzed vasious aspects of the antibody 
Sponses Fst, we compared the emergence of 
heterologous ter 1 (MN, S162; clade B) and 
autologous ter 2 (BGEOSESS2N) NAbs with 
fnt-gpi20 and untsrimer binding untibodies 
le, eaymelinked inmunesebent as (ELISA) 
‘ts in the HO SOST. 568 timerimmuni 
rabbits overtime (ie $5, A and B). The timer 
Dining responses were nly kwer han those 
to gp but Became comparable after fou in 
‘nizations Autologous tor 2 Abs were detect 
nly arly and Weakly ate two immunizations, 
tnt stongy and consent afer three im 
zations ($58). The Nab ters then dein, 
wih Kinetis comparhle to the binding ant 
‘ody responses, but were host aga aftr the 
fourth immunization The ter 1 and aologas 
tier 2 NAb respouses waxed and waned ith 
nud sma Kinet (fg S58) 

The NAD ers tothe te Her viruses (aN, 
‘sand MW955.26) ein the 20 abbas 


2 weeks tr thet! mmunlation with BGS 
SOSH timers sougly comelated with one 
noer (Fy 2 and fi $5, Cand D) neon, 
the auislgoas tr 2 ters dt nok coma 3g. 
rica wth the heterologous er 1 es 
led inte sate bisa the sume tne (Figg 
2C and fg SS, F and The corelaton pts 
Sugest tht diferent NAb spect mediate 
the ter Yad autlogous ier 2 responses, as we 
confumed expesimentaly (se bel). One in- 
‘ation fs at Inducing @ ter 2 vespanse wl not 
be achieved simply by increasing the ter of 
‘er 1 NAb, as ently erent andy speie- 
sand el subsets are probaly inohed. 

‘We ao sought satons between NAD and 
binding anody es inte sume Sto 20 ae 
Is. The autologous tr 2 NAb thes were cor 
relied wth the anttimer ties (Fg. 2D. r= 068, 
‘P= 0015), but ot withthe anteapi20 utes 
(fg. si) Conversely the Her Nabs were stag. 
Iyearated with the antgp120 titers but not 
at ll or only wry weakly withthe anteaimer 
ters (ig. 2E and 85,100 J, Land M0, The 
fantigp10 and antenmer ters were not se 
naifcanly coated (fg 8). The data wends 
Sugeest that er 1 NAD responses ae sod 
‘with suong binding antibod responses o p20 
‘monomers. The sigifeant correlation between 
the HGaas-T392N NAb ter and the antinet 
ter ut not the antg20 ite, again implies 
thatthe quatemary structure of natvetike 
tomer is beneficial for inducing ter 2 NADS 
‘The nomsutve WESEKS gp90 inde asap130 
antibodies efsetiy bat induced anime an- 
bodies very pooty ($4, Ato O. 


[Autologous tier 2 and heterologous ter 1 
[abs target diferent epitopes. 

We usd nti teciniques to ain insights into 
the vious eptopes targeted By the er 1 and 
‘ier 2 NAbs inser fom the BUGOS SOS. 
trmeeseumuniaed rabbis Fs, we perormed 
neutralization assas inthe presence of several 
ntgens that ould potentially bind and thereby 
ple various NAD species. Nese compa 
tors included near peptides derived ram the 
fe, second, ad tind (Vi, V2, and VS) variable 
loops of En, a Ve eons a VIV2 seal 
pH protein, CDs binding dectve gao-aeK 
‘ondmers ad SOSIP.G5%-DsssR times, and 
the resuiced tabled eae 3 (ASC) CD4 ind 
Ing ste (Csbs)-mamete protein (able. The 
pIA-DossR monomers and SOSIPSss Dass 
tomers absorbed the ataogous NAbs compa- 
ably and complete implying thatthe target 
rites ae wel presented on tho elated gpI) 
subunit Table 1 und. $s residue D368 is 
‘hry element ofthe Cis, the inibtory effet 
ff the two Ene DSG8K mutans, eombined with 
the lack of effet of the RSCS protein, ples 
thatthe autologous NAbs ae ule to target 
the CDsbs dsedy (Table 1). Tusa gpt10- 
‘DSS6R variants lacking the Vi V2 V3. or VIV2 
domains were ese compro the ar 
ogous Nas butte variable lop-based peptides 
far protein custruds and the gp potas were 
gral ince (Table 1 


Although the VI/¥2 and V3 regons were not 
eel the ats or autologas NAb a noe 
‘worthy except was rab 142 Here the Nabe 
Aepcting flee of the wPLO-LSSHK manner 
‘vas amply ls when any ofthe VL, V2 IV 
V3 regions was deleted ut the inca V1, V2, 
nd V3 peptides and the ViV2scafold protein 
‘were inefecsive competitors (Tabi). Henee, 
the relevant epitope sen by serum $1215 not 
present on simple mimics ofthe Vi, V2 and Vs 
Felons (ie, peptides and setfolds) bt is fr- 
‘maton requires that all tree vanable egos 
fe present on a ypi20 monomer ar the Ep20 
subunits of the nate ter, 

‘Peptide sergy conf that some ant- 
teimer antibodies resgnied the VB regon i. 
STA) Env trimers undergo eonformational ta 
sitions that expe VS both an the virus and on 
its engineered SOSIP.GG4 counterparts invita 
(9,10, 36, Sach bathing” events are ky 
render V3 immunogen in acelnatod animale 
“Te linear 8605 V3 peptide consistent eda 
(aftr of 10) tes again the tr 1 viruses 
DMN SFO6Y, and MW085.25 when tse gst 
fight Ser fom temermumunized rabbits (a. 
Sr, B to D) (39. This peptide aso depleted he 
tier 1 NAS induced fy the WESEKS protein 
(fg. S7, Cand D). consistent with reports that 
such responses to undlesied gps are sypealy 
Visdominated (5, 37. Deleting the V3 teon 
consistently reduced the ably of the gpI20- 
‘Duss protein to deplete trimerindueed ter 1 
‘Nab, but mot autlogoas Nas Table 1 and ti. 
7 to, We conchae dt V3 peptide: 
tod mse against the ade timer cs 
eutlie Her 1 viruses but do not neutal2e 
the autologous ter 2 virus, whlch is consistent 
‘ith the lek of coreation between ter 1 and 
Ser 2 Nab ters (Fg 28 and Ng. $5, Cand D) 
a the resistance of BGs TON tn V3 mone 
‘Sonal antibodies (ms) that neue het 1 
‘arses 10). 

“To gin futher insight int de autcognas NAb 
response, we tested sera fom the nine times 
lounge rabbats wih the highest es gaat 
[BGS0STSS2N aguas 109 mutans ofthis virus 
With singe alanine point substitions of p20 
Fesidus, We sought variants wih reduc neu 
Tunlzation senitivtes ae a result of sequence 
shanges that afte ey epitopes). The neal 
faton profile actos the virus panel was unique 
foreach Serum, showing thatthe autologous r= 
sponse ws diferent, wholly on par, n each 
inal (able $9}. Te data dried from the 
‘uutant panel for all nine rabbits were mapped 
fnto the sos SOSIPGGE trimer strctare 
(Big 3) Mulple alanine substitutions affected 
‘Gea 382 neutralization. In general thes 
stitutions wih the most impact wee custred 
ft the trimer apex andthe g20 ater domain 
(OD) induding the periphery of te COs, an 
‘exception being that serum 1257 was seniive 
tothe oso the pean at C1 esidue NBS Pig 
Side ews). Among India rabbis, 1278 was 
siete by mutations in Vi, V2, C3 and VE 10 
by C2 Cs, Vand C5 substitutions and 2 by 
Vi. and C5 changes Amang th mos fequent 


Table L Depletion of autologous ter 2 MAbs in sera fom rabbits and 
‘macagies immunised with BGSOS SOSIPGG4 timers or gpl20 mano- 
mers bys variety af eampetito ligands. Se on 13 6805 SOSIPest 
{rmersimurasd ae two SCS0S epL20imvrurized abt, ake 2 weeks 
iat Ud run Gach 227k 2) er 
G50 SOSPHod Werermmaraed rac, ae 2 we te te Ah 


Inert es AO. ere ete rr aly to rete he BGSOS 
TEN ws n be perce of a arly of carp pres 2 Peps 
{he lt edict Ip neeazaen (1) the presence af The pected 
test eager ues pecs y > nde ta nealzaon was dep 
empl Ge Mero 20) Ep es inet ets ot pron 


‘80505 7332N peeudovieus Deplation reagent 
"BEIZO gpl2O gp gpleD- plz 
Immunogen “MA! yay, SOSIPSE® S120 Daca pagan DBGAR DBGBR DIGBR gpd RSCI CA ue le rae ee 
ee apm uae, See cer ctor eek De elite pride patie eat!“ peptide 
spit = 


and largest effects (sor of 5 titer sedueti 
for 25 sera) were changes at L125 (C1) Rl 
and 68 (V2) Pas, 308, and Ks (Vase 
‘nd 1420, K42t and 22 (C9) Aumlognus Nabe 
[Bascat i even of nine rabbit sera were sen 
sitive to changes in one ofboth ofthe hie 
‘Rg and KIGS ress in V2 strand C. These 
‘esidus are important fr forming the epitopes 
targeted bythe DNAs POD, PGS, and VIRC2S 
(639, butts posble they have more distant 
ffs on the conformation of oer epitopes. 
rabbit M12 the autnlogous response was 
ected against 2 confamational eptope I 
‘lvng all Ue ofthe Vi, V2, and V5 regions 
and also infuenced by Nis. Nis, and 1058 
(Table Table 2 and table $8) Ts seastoty 
pater s skint a FC8/16:ke response, except 
for the lc of dependency on lean NIGO st 
the trimer apex. Henoy, the autlogous NAb re 
sponse In rabbit 32 may involve PCO/16ke 
fr VRCIGk antibodies with namo speci 
‘iy The gpi20 OD, paula residues in CS 
tnd Cf, was targeted in several abit. The de- 
leon experiments with the 73 sp20-D36sk 
protein also impliste C3 residues 54 to 353 as 
{eto inde inden cheep) se 
nie by te atolgaus NAb In rabbit era 
1541565 174, ae 145 (Tale rand Fle). 
(Of note that RGaOs TAN neutral was 
savers afeted by mutation that eliminate 
‘ious OD alyan sts including NISS, NSO, 
and 960 (ebb 178); NSS, NSO, and NGOS 


(eat a0) and NusT, Nis, and Na ebble 
142} We ae nt avare of the dein of Nabe 
to gheandependent topes by ep120 monomers 
or noo-atve pio proteins, 

‘We usd a competten ELISA wy suly whether 
the Hs SOSIP.864, WESEKS geo, o gp120 
ivi had induced Abs that eould block the 
{omer binding of various BNABS (9). Several 
Sera from SOSID.864 or gp120 reiplents e- 
‘lucd the binding of CDsbs BNAbs CHGS and 
YVKCOn, and aso CD41gG2, by 250%, whereas 
sera fom WESEKS spi repens ha o such 
fle. S8A). The inhibin of CHIOS and 
YVROot binding coated Wits SUSTSEN ne 
vallastion, which suggests that atleast some 
Serum anthodes medating the autologous t= 
sponse do so by impeding acess to the Cbs 
(ig SB) However: taken together, the vis me 
‘amt dia and nualzatondepieion periments 
‘ith the RSC3 and gp120-DS68K proteins imply 
that such antibodies do not target the CDabs 
ety (Tales and 2), We note that when the 
GTS BNAB binds to a V8 ghean-dependent 
epitope onthe wine ects oder yeas 30 
that they ony oelade the CDs (29,40). The 
[PGTES epitope an the tamer spa ee 
es imped in the ataigoas NAb responses 
for abit 174, 1610 and 112 (Fg 3 and 
SKA), Naropa NADs wit roy simar 
properties to PGTIAS, including gyean depen- 
‘lent indie ems tothe CDs 
‘nay be present in same mbit ser 


‘The competition ELISA as showed that sera 
from some tie smmunized eats inbited 
the binding of BNAbs 5022 and C5 other 
tee topes athe gpa inert ar gp, 
‘whe sa fom gpia- or WESEKS oumunted 
‘abs dd ot (S64) Some autokngous Nas 
‘may therefore dcetly or inde acide ep 
topes nea the Ditom af the timer Oneal te 
competition ELISA data confirm tht multiple 
popes on the BGS0S SOSIP.864 trimer are 
amunogente ia rabbits, and imply that the 
tuimers were generally more eet than gp 
sd WESEKS gp1so proteins at inducing Abs 
apuble of inhibiting BNAAimer interactions 
(ie ssa 


‘Comparison with the NAb response 
Induced by the BG5O5 virus in the 
infected infant 


sour lng-temn goal isto devise an immu 
‘atin regimen tat ean indoce DNAS We com 
pred the autologous NAb response agains the 
[Gans SOSIP.Gsb timers In rabbits with the 
‘much broader response that develope in te se 
fant froma whom the Boas virus was elated 
(i (See Materials and Methods). The infant's 
Week 1 serum weakly neutralized the BGS05 
ins but ok HS TSN, ad ample ase 
Teterologausnewralzation activ even gnc 
the tier 1A ius Shae 3). However a stone 
‘roasneutraliztion response aginst ter 1 and 
er vse indi Bats and BOOSTS, 


Nb ranpone owe 1256 1284 
from ots sosnass Fine fee 
‘Terrie ats 
trope nt the ime 


structure, Neutralzation 
ta dered wnan sea from 
the incest abit ware 
tasted against a panel of 
G05 T332N vie mutants 
fare shown fable 3, Ras 
thus i ap120 where Ala 
bets reduce natal 
[aati by a factor of 5 010 
fd bya factor of S10 ae 
lore orange and ea 
raspectvaly, onthe BOSOS 
SOSIPSE4 crystal stuctre 
(P08 1D: ATV). Esch raat 
serum, dated by a four 
‘gt number te mapeed 
Irian enc case, the 
frst row 2 tp view ofthe 
ow. The sheesyaton sites 
that aac neutral by 
rab sera 1257, 1274, 1410, 
fand 142 are label For 
armprisen the bottom two 
panels trate the poston 
St ayeans (re), the cans 
resolved inthe esta sue glycan 
‘ure (gear, the seven 

fino si substtutons hat POSitions 
were unde alton gre “ 

Siren the 8508 infant, 

(73, te, ana te oats 

(oun 3.4) of the BAA 

Veco ana cH03 (oath to > 
the COdbs), PO, and 

THIS (all site ews 
‘ace or POD, top we 


PGT135 


WS 


ee 


‘ua dewloped by month 27. In 2 dlvet compar | inant month 7 sequence had seven C3 chang: | mers in rhesus macaques (fi 8, Thre of four 
‘son, werk 22 sem fon ur BOs0s SOsIPags | GIGHE 355, SSTK, LGKT, KO, AtAYT, and | sera neutralized the autologous HOSOSTSS2N 
‘uinerimmunized rabbits (256, U57, ZF, and | NESS (whlch removed a glean ste) A gpt20- | vus at week 26 (mediante, 7), while none 
1284) neuvalize BO5O5 and BOSOS SEAN 3+ | DSSSR variant comtlning all seven changes | of fur sera fom spl20-immunized animals dd 
ruses morestrongly than the ely infant sera, but | (ted 73) was unable to deplete autslogous | 50 (Fe 1 and ube S). By wook 5 the mean 
Jacked the neutralization bresdth preseat in | ahs fom ia of fe ofthe wt rats (num | autologous titer inthe macaques approsched 
the moath 27 serum (Table 3). Tha the eom- | bers 1254, 1256, 175, 1K and 1265) but was | thit in the rabbit at weeks 22 tp 26 (Le, 203 
‘inne timers induced NAD rspenssin rabbits | active against the other eight (Table 2). This | versus STO) (ig. 1E and table 4; compare to 
‘Guar imi, but not Mente, to the primary | varant also di? not deplete autologous Nas | Fi 1A) As the anypi20 and antérimes ELISA 
Infetion response of the human infu | fom gp20mmunied abt sera 267 and 1268, | tes in the macaus were love han i he ab- 


gas NAns were present in both specs “Thase findings undersre sine in how the | bis by for of -5 (SO, Aad Boxart 
To guide mumunogen design, we studed how | humoral immune systems of the two spedes | fy SAA, a suonger adluvant might be ava 
1G305 Env sequences evolved inthe infant. As | respond to BGSOS Ea. gous NAD ters against er 1 ines MBS 5 
expeted, the mouth 27 sequences were highly td MINA Were sara the week 26 and week 
tiergent (3s) fom those of week Sls partie | IMMUMogenicity of BG5OS SOSIPESS — | FF ene pointe and id tier mary te 
‘la, multiple changss within a Tosesdue seuss | timers In rhesus macaques ween ier ad mena soups a ek 5 Fe 


‘C3 (residues 354 wo 36) imply a strong sles | Ina plot study we compan te immunogenic | 1 F and C. None ofthe eight ea ead the 
‘on pres ont gon (eS) The redom- | yf BGs SOSUP ASH trimers andra mono- | bergans ter 2 clade C vine Ce Ci IE 


In the competition ELISA sera fom trimer 
‘immunized macaques induced stronger bNAb- 
osking responses than gy repens inti 


As tht reduced aces of C109 and VRC to 
the CDs and, to a laser extent, of 
‘he timer apex (fi SA Ia ain, the BOOS 


sp120-D568R proton, but not ts 703 variant, 
Aepleted BGS05 TSS2N Nabs from #967 sera 
(able the finding suggests tha, an some 


rar to 


Table 2 Summary of autologous NA species in sera fom rats 
sd macaques immunized with BGSOS SOSIPSGS timers or gpI20 
‘monomers wen nated ia diferent asaya, The Inmunagen poder 
‘ivtentent (i eas on gyeonaton pte), an at rer 
fe Used In the fet Ere columns The fourth ctu Ist Red 
(rte of 25 eras i is: se table 85)-The th oan st 20 
omois where substllors decease reualastion by 8 Tatar of >5 


(Qable $3), The sth column asthe domains tat, when mused or de 
pletion capacty (Tale), The seventh coluna Ets the BRAS for wich 
>50%h ty ta test serum (ig $8), Inco 4 and 5, ND = nt done (the 
‘eum wet al tested agate mute vis pad, Ineskenns 4 & and 


renonogen (CDA, block 
Z ca 1D mutants (ean) ‘mutants ‘epttion 
ia es viva 2 VS a Vc vc. TIE SES 
p20 i so cs a cHio val 


Table 3. Comparison of NAB responses indice by BGSOS SOSIPSGS trimer in abit and by natal infection of aninfant wits HIVA BGSOS vin. 
‘Seta tom ats 12561257 124 ae 124 rte emus Ga, a wash 22) ith BOSOS SOSPEA ners ware compared wth srs rr nar 


‘ulema mats. 
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rabbits the C5 region lnvoied inthis ator 
ogous response. 
Conclusions 


Tnduclng high ters of autolognas ter 2 NAbe 
ay bea nessa ftp in the lation of 
DNAs (9-0). The strong and consistent autor 
sous response tothe BGsa5 and Ba SOSTPG53 
fers reflects thelr naivelike structure, ho- 
‘mogenely, sabi, and antigenicity, aswell as 
the immunogen ofthe BGSO5 virus In the 
Infoted if (8 9, 12,3417. Taken together, 
the mapping studies show that multiple spec 
‘ets contbte tothe autologous NAb sponses 
sglns the RGGO5 trimers including ates 
{har recgnizegheandnueneed epitopes I a 
pabspecil response eould be achieved in hu 
‘mang, it might provide broader coverage agalnst 
‘ulting Viruses, Duta human cane must 
generate a more broadly neuvaling response 
‘thn e report ere 

“The native struure of SOSI.698 timers a 
Jos candidate immunogens to be rationally 
edesigued 1 try to improve immunogenic 
‘Relevant but not mutually exclusive strategies 
Include) intedacing sequence changes to 
cease the stability ofthe timer apex snd as 
sociated NAD epitopes while rucing the 
fntgenity of V5 and oer nowNAD epitopes 
‘ht may be immunologse drains; (i) nm 
iain with sequential SOSIPS! tines basal 
fn Intrarsing BGSUS soqueness or eactals of 
irene wins (eg. fam das A Ban 
fe) (9; or (pesmi wa mer asians hat 
‘agar desable germline responses (5,42), 
Overal cur mss song vad the comet of 
‘wing natvelke times and stu inna 
‘ono crest a HINT rine tt indaces DNA. 


Materials and methods 
Immunogens and immunizations 


‘The NGOs SOSTPAG timers p20 mone, 
and WESEKS undated gp140 proteins were 
‘ll produced and pure as reer pevonsty 
(aa: #4, 20) Unless sped, the prs were ex 
rested in HEK2@37 ells by transient ansfe 
lon and puri via a 262 nat afin eam 
{owed sae ecasion chmsography (SEC) 
Protein pres and properties were compart 
‘let those debe eben (0, 20, 5 
SOSI6S trners were sls xpeest in HERES 
lsat ack V-setyacsamingransterase | 
(GoT1"). The resulting Env proteins bear 2 
as that re not lly processed and remain in 
ligamannose forma 2,2) Samples of the 298 
‘allied tiers were ented wth he Edad 
fiyesidas, as previously described, to redace 
{het total gan content (25) The cade B Bat 
SSI and Ba SOSIPSH Dra mers wine 
royce from stuble CHO cel ins that were 
featured in 0.59% serum (9). The trimers were 
puried by 2612 affinity chromatography fo 
Towed by SEC, as described ebewhere: the ex 
teat of Vtlipping was neglile (9. The VU2 
pHO-Fd protein vas made in HEK29ST ces 
{dr eanrat fr IVI by GStevarJones (Unk 
erty of Osta decsed (8. 


Rabbit immunizations and blood samping 
were curled out under subcontract at Covance 
(Dass PA) accerdiag to te schdle prseted 
ni. Si, Female New Zealand White eabits 
(sual per group were immunized inwamus- 
clay with 50 yf ofthe various En protains 
(40 yg in experiment 2). The proteins Were for 
‘usted in 7 Units of ISCOMATX, spe 
sed adjuvant obtained fom CSL Li. (Pare 
Ville, Vela, Austral) (45) Macaque imme 
‘ations and bleed sampling were eased ut 
ft the Wconsn Primate Center according 0 
‘he seedling SL Rhesus maces (pet 
soup) were immunized intramuselaly with 
100 ig of BGs0s SOSIP-684 or gpi20 proteins 
formulate in 75 units of ISCOMATIUX. 


‘mAbs and human sera 


The mAs use here were provided by the fo. 
lowing individuals: CH10S and CHS, B. Haynes 
(Duke Universi: VROOL , Kwong and J Masala 
(MIH/VHC, Beta MD) NIS5-46, NESS 46, 
SBNOGO, NCU, 2A, 124 Mf. Nasenzveig 
(Mackfeler Unies); various mAbs used fot 
‘er eusication, $.Zal-Pazmer (Ne York Un- 
versity Sci of Medien) abs 2012 and 205 
‘were obtained through the NIH AIDS Reagent 
Program, Division of AIDS, NIAID, NIH fom H. 
Kaunger The serum samgies wel for the neue 
{nation sensitivity (Le, te) asication of 
GSOSTRION have been described elsewhere 
(4) Sera obtained tom indsaduals chronialy 
Inde with dade HIV sane we is fom 
4B. Haynes and A. MeKnight (Barts & London 
‘Medical Schol)- Ab ARPSII used or Western 
boting was acquired rom the Progzamne EVA 
Centre for AIDS Reagent 


£86505 viruses and serum 


‘The BG505 infant was HIVel DNA-negative at 
bgt, but DNA-posive 8 weeks ter, suggesting 
‘hat infection oxcued within Wis window (3) 
“The sequence of a week 6 done isthe bass of 
the Bas SOSIPGY protein construc n Which 
‘TON substitution was made to restore BNA 
pitopes that eget Ns yen (410.24). 
‘The same change ws made wo nate the BGSOS 
“TRON vit the week 6 BGHDS vn (0. 
Serum samples were stallale from week 6, 
week i and month 27 


ELISA reagents and procedures 
‘The D7sa+epitopetagged version of BGs05 
SOSIPss, refered to as SOSIP.64D7125, 
nd BGs0s gpi20 witha reconstructed D725 
pope in C5, wore made a dsb previously 
(Go). RCSF epi wns prepared by D. Rule at 
the Scripps Center for Antibady Deveopaent 
and Production (La Jolla, CA) using transient 
transfection of HEK209F cell and purified by 
Galanthus tas etn (Vetr Las, Binge, 
CA) aiaty ehromatography followed by SEC 
sing Sephcry S008K column. Amb-E20 an 
sntsrimer ELISAS using the above proteins as 
ulgns wore pefonmed as dese previously 
(ao) The Ctl Hirtuged BGS05 SOSIP 
‘is wimer was prepared as described peesiously 


(0737, Histagged RGSS gp (gpst Hs was 
produced a follows: A His agzed version of the 
'5Gs05 1.664 gpi4o protein, whieh Is Dased on 
the SOSIP i consruct ut withthe SOS dsl- 
fie bod omit (4 was expres in he pres 
ence feces ira in 20 coll, The protein was 
rife via the Histag using NENTA etvomatog- 
‘phy with eon using 250 mM iol, 
lewd by te rounds of negative selection using 
‘2G BNA column to emo any slg 
fF uncleaved gpi0 protein. The pufed pst 
poten bound the gpatspeific now-NAb F240 
fen, but didnot bind G12 or VRCOL ae 
‘eating that contaminant p10 or gp}H0 peor 
‘ens were ut sent (data nt showa)Te gt 
protla alo dd ot bind the PETS oe SBE 
NAb sugsting ha it was not in pesixion 
conformation (57,47) NENTA ELISAS using Hs- 
‘agged trimers and the spat prin were per 


ofthe maximum binding signal, a assed in 
price tation experiment, with no compet- 
tor present) The Bound BNAD was detected sing 
hseradish peroxidase (HRP}labeled steptae 
din. As the PETS, 502, and SBCs BNA, 
and als CD#1g62, cold not be biotinylated 
‘without impaling thelr binding activity (7) we 
Aletectedunlabeed an BNA sing aa HRP 
lebeled donkey ant-humat IgG conjugate tat 
was minimally erosseuctive with Tabb IgG 
(ckson Immnanoesateh, Westgzowe, PA) The 
Inter assay format was unsuitable for macaque 
sera becuse the ant-hunan ano stv 
with macaque IgG. As result twas not pase 
SHbleto test the macaque sera or Inibitan of 
PGMS, 85029, RCM, or CDE! binding to 
the ter. 

“To snalyae the relative ters for serum ant- 
body binding wo sontematioal near epitopes, 
‘umes (01 n/m oF monomers (0.0 ym) 
were denatured ty heating for 5 min at 99°C in 
504 o THS, 10% FCS, 16 SDS, and 0 ma Dt 
(dium dod! slit, SDS hott DTT) 
“The samples wore then luted bya ator of 40 
‘TS and 10% CS ty prevent SDS and DIT 
‘hun inrering wit the ELISA The we of bth 
SS and DIT ensues thatthe En pein ae 
fly denstured by hast weamen 48. The native 
fr denatured proteins were then used ina DEA 
pure ELISA, eset as dese elsewhere 
(ay. The ative nacion o bndig t the 
Senate ess native Env prtins was eee 
ted heb inal ing ees EC 


[Neutralization assays 
‘T2M coll neutralization assays using Env 
scudotyped viruses were performed ast sites 
For additional information on the assay and 
all supporting prota see ww hin. gor 
‘cntet/na-teetencertaae/lomedins. The 
formance sks were as fas: FIMS, Harvard 
Medical Schoo, and DUMC, Duke University 


Medical Center (fr mtonalogy se (4) AV, 
Inemational AIDS Vacsne lite, Booka, 
[NY (lar methodology se (28), AMC, Arademe 
‘Madi Cente, Anse (needle 5) 
‘WME, Weil Comel Madd Clg, New York 
(meadology so (5) FHCRC, Fed Hutchinson 
(Canx Haste Cents, Seat, WA (methodology 
see TSR The Sp Resear nse me 
‘ology se (The Env-peudotype viruses 
fd ther ter dasiitions have been describe 
‘Abeer (8 2-25), as have the BASDS TAN 
and BG#05 Eny-pscudotyped vss (5, 10,24). 
The BGs0s.T3S2N Eav-pseudtyped Vs was 
‘sed exept when the test virus is speiieally 
Stated tn be BOSS (e, without the TSN sale 
Stun) Also note that the MN Ei pseudo- 
{yped virus used at DUM is designated B03. 
‘Wedd not use the A1RS cl sety Desist 
nce hat poe fase patie, od eno: 
‘ieadog detesien of NAbs to ee 3 virus 

‘Ter eategniaion of the BOSOS TSN and 
‘ba Eny-pseudoyped vires was based on the 
neutralization sensitivity oa panel of mAbs d- 
ced gain vats eps as ell 8 panel 
‘of sera from humans Infsted with dade A v- 
‘uses a comparison with previously Geral ¥- 
ruses (52. Data an BGSOS-TSS2N seas to 
nother pando #0 mAbs can be ound elewhare 
(G0) For both uses the er easicaton expe 
‘ents were peormed at DUM: We ensue 
fort of BGHOSTSGN alanine mutans for mp 
ing NAb responses (ae SH. 


‘Neutralization depletion experiments 
Proteins for neutlizston depletion exper: 
‘ments [BGS05 p120-DAGAR ad avant BOOS 
Sosa oes; RSC Gm) wee exes rae 
Sten in HEK29SE els and pried by 2G2- 


tei. The Ds change as inoue ensure 
{hat the gan or SOSIPA64 pido proline da 
‘ot bind to CDS on the cell surface and there 
{nhbt HIV infedon competitively. ELISA ex- 
periments confimed thatthe DOSHR substi 
ton suongly reduced the binding of CDS and 
several CD NAN to BGS p20 The xp2o- 
‘ski 703 reagent contains seven amino ac 
fangs in Cs (GIA, 858, TET, 18, R360, 
‘ABSIT, and NSK) based on tae moh 77 5 
(queats em Inst BOOS (BS) Sabsttions 
and deletions Were made using the Quickshange 
‘mutagenesis Kit (Aplent, Santa Clara, CA) The 
plasmid expressing RSCS donated by P. Kwong 
and J. Mascolu, NIH/VRC, Bethesda, MD) has 
‘ows described elsewhere Ge). The bass for the 
design ofthe Basas VIVE-seafold protein has 
bo been described (7). The proten Was x 
reso in HESS Gaels and puri 
‘iis Caerminal 6H tag using NENTA cho 
‘atogtpby abd NIC) ello, flowed by SEL 
fn a Superdex 200 eaiuma The theareea MW 
ofthe seal, icing glean, i 25 MD. 
'Gs0s-derved peptides withthe folowing 
Sequences were purchased fom Genserpe (ist 
‘saa, AU) Vis TNVINNITDDMRGELAM, V2 
(6 cxelapping peptides MITELRDKKQRVISL, 


\VKLIPLEVILQCINVINNITDDMRGELKN. 
‘To characterize the specificities of NAD 1e- 
sponses indeed inthe vabbits, we Ieubsted 
competitor En proteins or peptides with ap- 
fropriatly cuted sera tal tune 25) for 
‘hour a 79. The eompetitor Ea pectin were 
present ata concentration of 40 palm except 
for the ViVascaffold protein (20 ug/mDy The 
compettr peptides wer lo used at $0 yl, 
‘scept tht ea nda component a cock 
tall of 5 overlapping V2 peptides was present 
at 20 pg/ml The Eny-sseudotyped virus was 
then added to the serumeompetiior mise 
fart hour before nection of TZ target cls 
as insted. The est ofthe aay was eared 
fut as deserted above and elsewhere (0), Neue 
tullation tes wore expressed asthe repeal 
serum dluton that caused 50% inhibition of 
‘ous infection 1) The exten of wetrzation 
leptin hy these eompetor Was expressed 
tthe relate reduction fa the Ive 


Pepscan analysis 
‘emer peptides oeaping by 14 residues tom 
{he BGHEG SOS. ae well asthe unmodified 
[G05 ito sequencs, were suse by Funoe 
supling on the sod suport of eps = 
Arogl (58)- The peptide Ubaves were ube 
‘with eatin human ser ata 13000 d- 
Tuon After eens washing a gpatant-human 
[HRP canted secondary antbedy Was dl, 
followed by enor development using 2a. 
bisietitenandaotin- Gsuponie ald). A 
‘charge-coupled device camera was used Yo quae 
‘iy the absorbance at 408 nm. Fo every inde 
ual Pepscan dataset, the data were normalized 
to the average signal intensity dexvad fm the 
vera ana 


[Negative-stan electron microscopy 
“The BGs0s WESEKS, wGs05 SOStP.554, and 
YU? gp}0-Fa proteins, as wel ws ISCOMATIUDS 
adjuantsemulated BGS05 SOSIPS64 wines, 
‘were mle by esta EM. Samples were 
pared for anal a desea 0 1) Brit, 
2 allquo contig -001 mag pr slo poe 
tein was applied for 5s onto a earbonoated 
00 Ga sh god that had been lowcechaged 
120 mA for 30 then negatively stained with 
2% Cw) urn oma for 60 Data were eo 
tested using an FEE Teena TH ectron mer 
Scope oerting at 20 ke, with an eeton dase 
fa -25 6/4 al a magaeaion of 52000 that 
resulted in piel sizeof 205 Aat the specimen 
le ges were ane With Tt Teman- 
Bg CMOS camera sings nmin defies range 
sf 900 0 1300 nm. 

ata procesing methods were adapted from 
‘Bowe usd revs, Pst were pict 
sutomatically using DoG Picker and put into 2 
parce stack using the Appion software pack 
ge (0), nial, references, two-imensional 
(2) eas averages wore eaculated Using pal 
Sides binned by two via Hert Afuivarate 


Satis Anas (MSAYMutieference Ale 
‘ment (IRA) a srt into clases (0). Parties 
ermespendig ones were sek nt Su 
stuck and binned by two before another round 
ff eerencefie alignment was cid ot using 
erative MSAMRA and Xmipp Clustering and 
2D alignment algoritus (6, 
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EXMRODUCTION: Immune cells constitute an | organization has surpassed the whi Kim 
Interacting lerurchy that coordinates its ac- | ations offuoescence-based flow etomety 
tivities arcording to genetic and environmen- | With the advent of mass cytometry, which en- 
tal contexts This stemically mobile nctwork | ables measuring significantly more features 
of eels results in emergent properties that | of individual cells, most known immune cll 
are derived fom dynamic ella interactions. | types ean now be identified from within & 
Unlike many solid tissues, where col of given | single experiment. Leveraging this eapabil- 
functions are localized into substructures that | ity, we set out to initiate an immune system 
canbe eadily deine, the disebuion of phena- | reference framework to provide a working 
{ypiealy similar immune cells into various | definition of immune onganiation and enable 
organs complicates discerning any modest i | the integration of new datasets 
{erences between them, Ove decades fines: 
tigation into immune functions during health | RESULTS: To bulld a reference framework 
snd disease, research has necessary focused from mass cytometry data, we developed & 
‘on understanding the individual cell types | nove algorithm to transform the single-cell 
‘within the immune sytem, and, more een, | data into intuitive maps. These Seafold maps 
toward identifying interacting cells and the | provides data-driven iteration ofimmune 
messengers they use to communicate ngunization while aso integrating eanven- 
‘ional immune cell popolstions as landmarks 
RATIONALE: Methods of single-cell analysis, | to oriont the user. By applying Scaffold maps 
seh as flow cytometry, have led the effort | to data frum the bone marzow of wildype 
twenumerate and quantitatively character- | C57BL/6 mice, the method reconstructed the 
je immune cell populations As research has | onganization within this complex developmen- 
sccelerated, our understanding of immune | tal ongan. Using this sample asa reference 


High-aimensional, Bulle Seatfold map of reference samy 
singleeall Bone matron 
protein expression 
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mass eytemetry with the Seatold maps algrthen, the celular erganiztion of 
fry complex sample can be transformed into an iuive anc interactive map 
for further ansiyss. By frst choosing one foundational sample a 2 reference (.e. 
the bene marow af wildtype mcs), the effects af ary perturbation can be realy 
identified in the Famewark. 


pin, the unique organization of immune els 
Within various organs across the body was 
revealed. The maps recapitulated canonical 
cellular phenotypes while revealing repro- 
dul tissue specifi deviations. Te approach 
reyealed influences of genetic variation and 
‘Sreadan rhythms on immune structure, per- 
titted direct comparisons of murine and 
‘human blood cell phenotypes, and even en- 
abled archival fiorescence-based flo ey 
tometry data tobe mapped onto the reference 
framework 


CONCLUSION: This foundational reference 
‘map provides a working definition of systemic 
[mmune organization to which new data can 
Tn integrate to reveal deviations diven by ge- 

‘neti envionment or a= 
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Fae late 88 Analytical framework 
[hiauidedal toundestand immune 
‘eyvinii2s/ ganization from the uni- 
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fan serve as a data repository for collating 
‘experimental data fom the research comme 
aly ining gone expression and mutational 
snalsis. forts that characterize cellular be- 
Iai in this open-source approach wll con 
tinue to improve upon the initiating reference 
presented hereto reveal the inberent structure 
In iological networks of immunity for incal 
benefit m 
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IMMUNOLOGY 


An interactive reference framework for 
modeling a dynamic immune system 


‘Matthew H, Spltzr**"} Pler Federico Gherandinl,* Gabriela K. Fragladas,* 
‘Nupur Bhattacharya,* Robert T. Yuan,** Andrew N. Hotsoa,? Kachel nek,” 
‘Yaron Carmi HL, Zunder,* Wendy J. Fant,* Sean C. Wendall* 


‘Edyar G, Engleman,**) Garry P. Nolan} 


{Immune cells function in an interacting herarchy that coordinates the activities of various 
cel types according to genetic and environmental contexts. We developed graphical 
Sspproaches to construct an extensible immune reference map fram mass cytometry data 
of cals trom different organs, incorporating landmark call populations as flags onthe 
‘map to compare cells from distinct samples. The maps recapitulated canonical cellular 
[henotypes and reveslad reproducible, Hesue specific deviations, The apprasch revenled 
Influences of genetic variation and circadian rhythms on immune system structure, 
tenabled direct comparizons of murine and human biaed cell phenotypes, and even enabled 
archival fluorescence-based flow cytometry data to be mapped onto the reference 
framework. This foundational reference map provides a working definition of systemic 
Immune organization fo which new data can be integrated ta reveal deviations driven by 
genetics, environment, or pathology. 


he inmne gsi ex gteniealy mete | mune ystems has been developed, pinay 
network of cls Wah emergent proper. | becuse af he fey of date normalization 

tier dered fom tramle cette | and lack of corpeon meainements hat 
eto, Unlke many sd even whee | woul! eral“ fe In ter al 
{sof gen fancies eae into | os modal sch ao tract poling ot 
subsrours Oat an be rely dee, the | eel population, efeence sands and 
Gdebaton of pence star inane | able dase tae shown exami ty 
cel ino varios organs makes i dia to | (714A compreheaste referees map dein 
ince dierencs between them Mich re: | ing the oranzaton of he Inmune tem a 
sean las eer cued co unetand- | the single level wuld slay clr ew 
ing tence pes win the mune | opportnies for angantaed data ana or 
System, an, more meen, tard idntiing | extmple, nacophates eit tsuespecife 
intrrng cls and the mewenger they tet | pheno) and ape me pons 
communicte. Methods of siglecl| anaes | are inured by gneti (1, but dering 
fich fiw ofomeny uve ben atthe teat | these properties of immune gation re 
Athi efit to enumerate and quantitatively | quire integrating he eu of many dsprate 
Characters immune ell populations (3) As | sues. en caren ane tol Dat do 
‘each has slate he number o markers | provi a systenlevel vw do nat compare 
‘equed to leaf el yes an en de- | ew samples oan extng ence meer 
{ald metuni hs upead te tche | ming tem tale rth cet 18 
Tilo of fuarsemc-tsel ow some | th eons a reference map Wat exe 
(2-4, Caweenty nats have cea been | ead pre a Boma Sunda ta 
fed been ony ate ee wes could be | tata dam crnruny-caied ecare 
framed, inependent of he ieune tem | te ue fe anase and cate se, 
Savio co) ‘We everged mas cytometry patra 
‘Aho aida immune el populations | alls measurement of mule parameters 
tayeben examined exenste-no campeon | sinutaneouy athe singe lee nate 
Sie or sundardaed teerence map ofthe | a referene map of the immune tem (9-2. 
ae — | ntbining the taboo awsome 
Sy ay aon Rag te — | th the recltion of ase petri, he 
Speier zt eae Gener cet, | tnd etna aut te dna ar 
‘Shntod CASLUS UGK Sapam in Neat Sones” | tiation of 40 parameters in single cells. The 
sen Sard Ate et Sse of mas efomety lowe faaopbore re 
ins dey etree cay. | pores tobe Feplced with botpil pre 
“Te ea ye amnang | Nae Ney mt ne eno anes 
“ete emt no teen | Graaly reagents 2) Tse repro as are 
Soaamlay erases seeanvons/oaeon | then quantified by Umeot fight mass spe: 


trometry to provide single-cell measurements, 
cabling a more detaled etacterzation acon 
‘lela ystems fra robust reference ma. 


‘An analytical framework for a 
reference map 

Asef reference map should enable a data- 
‘ven organization of ells and should be x= 
thle encugs to accommodate diferent types of 
‘measurements This would res ina map that 
has undesving consistency but if ao robust 
enough to allo oveay'af new data (or even of 
‘cal data fom dierent measurement sn 
tis) acarting to cal smite The approach 
15 meant to provide templates for presenting 
the nstem as a whole to enable sstemelevel 
comparisons, similar to oter efforts to compare 
olga networks (1-25. though we provide 
‘nett ee Ue fame sbull enable 
teers to construct individ a oman 
‘ganized versions. 

‘Building a reference map equies the ability 
to overay dats fom multiple samples onto one 
fr more foundational rfrence sample, his 
Ability s uot aomnodated by alguns such 
ts SPADE and WiSNE, whieh neste neapo- 
‘ating dia fm ll smples atthe onset (7,18) 
‘Without this festute, the reference map would 
not bean extensible solution. Moreover te = 
fence map ought to iaeqportetaformation 
‘boat mullons of individual esto comprehen- 
‘ely reptesnt the numerous cl types win 
complex smples, which remains beyond the e3- 
fscty af other approaches (2) The mapping 
rode should also enable users to nplement 
fone of the many anulable chseing algoitnas 
fr their a subjective deitons to determine 
cel groupings (29). Perhaps most important, po- 
sions of landmark ell populations are marked 
fags em the map to abl uso come cls 
in new samples oes dserbed in the existing 
erature (30, 

Force-droted graphs are a type of apical 
‘model commonly sed to spatial organize com- 
plex data nan Inui and Mexible manner 
(2p Forced graphsalso enables method 
for grouping cells with simllar features in a 
space that i defined by the molecular features 
ff the individual cel (2), Foreedireted ape 
roaches are based on set of “frees” that 
ulde data organization into, usualy, a two 
‘mensional (2D) plane (3,38) Nodes (i this 
‘ase, groups of cls) that ae similar re con- 
‘ected by edges with a length proportional to 
thelr rmbliee (in oa implementation, cosine 
Smarty) These nodes are then spailled 
Into & graphs ll nodes repel ane another a if 
they were the sume ples of magnets, but edges 
pall similar nodes together, acting ke springs 
Weaadaped this concep to bid anew method 
to visualize comples tallar samples, teed 
Seal (single-cell analysis by fed force and 
landmarkedireted) maps 

‘Seffld maps enable a mode o be bul that 
lncorpornes prior koa foo the Len 
ture ut al allows the discovery and anlis 
‘af unanticipated cel types or behasiral tates 


Such an extensible map can allow for ney data 
Sets tobe incorporated ad inked othr mec 
fic concn with referenoes~ae da tat 
Sexltamles or genomics datas (7115, 19. 


‘Systematic analysis for an immune 
reference map 

‘We inated prototype high-resolution reer 
ence map of the murine immune sytem by 
‘characterizing the expression of 9 cel surface 
proteins and transerpton factors elected 19 
aineate immune cel types) on more than 3 
10” sigl els fom 10 erent anatomical lr 
cations (Gg. SUA, table St, and Materials and 
Methods). Single cel suspensions fam the bone 
arto, bod, splees,ski-aiing (igual) 
Jymph mode (SL) masentric mph node ALN), 
‘hymus ung, ver, smal intestine and colon of 
‘awekold male CSTBL/6 alle and 1084S 
‘mice were simultaneously pronase in rep 
‘ate Measurements were done under conlions 
‘hat Hime measuring ero (85, 9, and all 
nbs were yldated to bind tenet proteins 
Dy standard protoals As such, one antbody 
cockall was used for all samples, and eels 
‘were bar-ceded and pooled by tssve bee ell 
Stang eo minimize techie variability (ML 
terials and Methods) Single-cell protein ex 
pression was quantied ting 8 CYTO mass 
‘tometer Fig Corp, South San Francis, 
(CA) The data fr these suples were nema 
to acount fo iit in instrament senstiiy 
over tne (35. Cals fom each contin were 
sequently ified Wy their ar cae and wi 
ten at unique fa etomstry standart fe oe 
ach sample (Se acwtedgment or data d+ 
‘ubuton Inston) 


Defining immune organization 
in the bone marrow 
Hecause the bone marow contains most deve 
oping and mature immune cell pes, we sed 
the cells therein to ull «foundational map as 
paint of comparson (Fig 14) Landaa” pope 
‘tons of inmune cls comaonly recognized 
{nthe erature were Westie in the bone ma 
oy data of ll STIS repeats by oasetional 
ceria (Fig 1A and fig SB). These populations 
‘ranged ftom hematopoetl stem cells to term 
‘aly diferentised Iymphocyes and myeloid 
ls and served as lndmars within the map 
(suai by ed nodes) to demuest the Joe 
‘on of cell populations of interest (Fe 14). 
‘We also ook a datsdrven approach to group 
snr cel into “caster” according tothe ex 
Dress of the measured proteins. Grouping 
Sar cols by string ales all f te data 
tobe visualed at once We therefore perform 
an unsupervised useing ofthe C57BL/6 bone 
‘arr leukocytes trom all biological repl 
ates wit a modiied PAM (partioning aroun 
‘modiids)algpeitum adapted for lager data 
sets (Fig. WA and Materials and Methods) (37 
‘We chase a number af dusts (200) that we x 
pict exede the number of "rue” ell pop 
‘ons present inthe data Therefore, we do not 
expect each luster to represent recognized 
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functional cell subset, but rather to overpart- 
‘onthe data to ensure that two populations of 
distint natures are not merged troagh under 
ttusterig We believe this to be an appropriate 
Tuadeo as the prasmlty of clusters mumed- 
tel revels grape of highly sitar els and 
thereby provides. arty during visualization. 
‘This enables an intl Browsing ofthe data 
rather than rhng on eustering to dete the 
“tn number of ell populations, which depends 
on evalsing semantie conventions and under- 
Standings of eau functions. Manual analis 
ff el populations by twadional eter, wich 
we visualized by landmask nodes, remains the 
Standard against which automated clustering 
Algorithms are routinely compared 29) 

‘The reference map was bul by eombining 
these unapersed el dues (ue nodes) with 
the manually identied eel! populations (ed 
ods) (Hg 1A) Cluster sizes were scaled 
reflet the relative ell frequencies in these ine 
‘al maps, although tis option canbe modified. 
‘A foreeiectedalgoridun was applied to the 
at tating ell users with sila pheno 
types wile separating those with dissimilar 
phenotypss (Fi 1A) When mapping C37HL/8 
fone marow eels (Pig. 1, the landoarc and 
unsupervised nodes were arranged (with 0 ma 
‘intervention or organization) in 3 srotire 
that eeaptulated most knoe developmental 
relations between these populations (Fg. 1C) 
(7.20) For neem, the Petopcete se ol 
(HSC) lana was situated at the top of the 
‘map and inked wo progenitors an more mature 
Populations below. ifleentgranuloeytes(a- 
‘uding neutrophils, eesinopil basophils, and 
‘nscale ceepied nearby Ptons of the mp. 
‘Macrophages and conventional dendeii ells 
{DCs fl adjacent, andthe yous Teall pop- 
‘latens (CD4", CDs", NKT (natural ile 7), 
and 74) grouped together. 

Hoga ster seve asa meas of parton: 
Ing the din this map, the density of css 
also refed the rate frequencies of immune 
fell in the Bone mamow that eorespond #0 
fell types as defined by established erteria 
(ig 1 inset) For instance, the map exited 
the densest cancenteaton of unspent dusters 
(blue nad) sumounding de nestephi, ooo 
ft and Bal andor, Raver popultons, 
‘oe as dene alls, eosinophils, and tsps 
were mare sparsely sepresented. The progenitor 
Zone contained cell dusters proximal to every 
‘muliputnt population identi by establish 
tesa with cell ses alo flag in between 
‘hen revealing the tanston stats beeen cas 
stall dened progentor. This graph epesents 
{he data tom al S7BL/6 bila rebates 
combina although the data fom inva mice 
consistently demonstated these tends (ie $2, 

The Setfold map of the bone marrow thus 
reflect the expected biologeal relations be- 
teen immune cll poplations and enabled an 
tnsupersised visualization of is composition 
nd complesity The profes of els in any us- 
ter oF any group of esters, ca also be vue 
aed by ennveatonalhstgrams. We used this 


se the inltting reference template and mapped 
ther organs onto the map fr comparison 


‘Mapping immune organization 
across the body 

‘After determining that Sesold maps eff 
tively convey the organization ofthe immune 
fells present inthe bone mao, we deter 
‘ined Haw inmune cls fom eter Inpho 
‘mans o the blood might map ino this space 
By sng the identity and postion of the land 
‘ut (ed) nodes that epresent canons pop- 
tations in the bone muro, we retained 
feommon reference sees ll saul (Pi. 1A) 
We perfomed unsupervised cstering of total 
leukocytes ftom each taste Independent, and 
then overlaid these cell clusters (blue nodes) 
tonto the reference map by allowing tern to 
Sd thei Toeation secaeding tothe attractive 
and repulsive forces described above (Fg. 1A 
and Fig.2) 

‘By nspeting the compastion ofthe periph- 
eral blod onthe map, twas apparent that the 
‘el populitions velapped with those ound in 
the bone marrow, a8 wis evident by the pone 
ly of unsupervised ster othe landmarks 
(Wig 24), As expected, the ood did not enti 
tals localized to the HSC/progenitor portion 
ff the map Rather, el dusters asolated With 
landmark odes of mature cell populations 
‘Known to predominate in ezculating blood at 
steady state, inluding granules, moneys, 
Bells T cell, and NET cols (gs $5 and St 
and bie 


tid cells ofthe T and B ell lineages (ig. 2, B 
to Dy Indeed, these poplations were also con 
purable when viewed hy conventional 2D dot 
Blots ig. 2, B and C, inset Many ofthe mye- 
Toi els in thse tisues mapped more dostly 
to the macrophage and dendrite ell zones 
and expressed major hisxompailty complex 
(MHC) dass I used to present antigens, con- 
sistent with the presence of mature antigen- 
presenting cells (APCS) ln these organs (Fe 2 
Bo D) (3s). The dusters from the secondary 
Iymphoid organs also largely mapped near & 
landmark population, indeating tht most cls 
found in those sus belong to wellaraenied 
populations The sulle ferences inthe cellu- 
Ur organization of tse organs became evident 
thorough investigation of ther maps, evaling 
‘idupent in NET cals, monoges,macopaes 
su eDCs in the spleen relative to frequencies of 
‘hase eallsin mpl nodes (P< 1.0001 fr each 
by analysis of vrtane (ANOVA) A higher be 
‘quency of macrophigs (= 0.1008 by twos 
est) and wer requency of eDCs P= 0015 by 
‘void f text) were present in the SLN than 
In the MLN. An appeedation forthe dine e- 
‘ar eompostion of diferent secondary Bmp 
fd organs provides an opportuni to eamine 
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Fig. Seafold maps reveal immune organizatian af the bone marrow. 
(A) Stherati ofthe Scat map algort, () Sone maou fam CS7EL/5 
mle Was chasen asthe relerece sample (1) Leooyes were grouped ac 
Corieg to pear krenedge fo defn land cal popaatons as erence 
Panton the map. The same lakonytes were subjected to unsupervised 
haterng t prove an ebfectve view ofthe tise cemposton andl aga 
zs An statin = proved wh the two mar lneagasof mature Tels 
eich exes ther COM CDE. (4) Bath mark putin (ed aces) 
nd unspent clsters (blue pods) wee se to ganerate fred 
frac n whch afar ces are lasted hse ager sccrdig to tem 
Nay of fe potan expression Thus sila neces ‘an proxy to ene 
another whe dsparte nedes segregate apart rom one another. Site at 


unsuperveedcusters denotes th este numbar of ces in that group 
(i) Lindner pepdatens rom te bane marc wee fed place fra 
Sequent mies to proce pos erence fr rapid human iterpetaten 
(i) Additonal sarmes vere each subected to unsupervised cheng va the 
Se Gustenng agro (a) The resuig cust foreach sare wore 
‘eral onta the org landmark ne to generate ese specie Seaton 
‘maps (B) Bane mao Seto map for 57/6 mice. Ret rodes dence 
lanark manual gated cel popuatons: Hue nodes represent unssperiset 
ed users tm the same dla, net: med equence of el popu: 
Sete by crventnal rts tm the bone mow of CSTBLIG mice n= Hk 
(©) Scat map show ory he past the ndmark cds wt ows 
nnoatigectablated maturation rstondhps nhematopise eelaoment 
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Fig. 2. Mapping systemie immune organization by tissue. Scaoé maps for lyrohold organs ae parsherl sll organs rom CS7BL/6 mice us 
bone matfow asthe reference sample to define landmark nodes (red): (A) blood, (B) spleen. (G)skindrsiing (nguinal lymph node (SLN). 
(O) mesentery rode MLN), () ty, (Free (@ Iver = or ach organ. net, tom tp to botam; Cal comgrang Be alters am the 
Spicen ane SN were vsusized by 2D scatter pot. Immune call exculatn tough ard wah the Ussues was chazclerued Oy mass cylomety. Cals 
omprsrg 2 devant tyme Teall aoputen duster were used by 2D sate 
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uy each cellar environment shapes the in 
‘ue vespanses ints in these cations 

Many ofthe ell easter in thes aaten 
{ar away from the landmarts on the map. In- 
spetion of these clusters Indicated that many 
cps CDs"CDS" double pase (DP els 
{hat were absent from the bone maroy (Pig 
2E, red sro). As the tym lel contains 
‘deveopmental Teas, tls was expected. How 
ver, the Ineessd length ofthe lines cannee= 
Ing these ubiquitous DP T call clusters to thelr 
‘ams nmi denotes ole tt devise fo, 
{he characterized reference, We also observed 
‘Hse ends wen el popultions fm these 
were used to define lndmks (fg $5) 

Tinune call subsets in peripheral sli or 
{ans were compared tothe reference map of the 
bone marrow (ig 2 Fand G, and fig 8). The 
region ofthe maps representing myeloid els 
‘wasn ener, more densely ed (Og. Sand 
38) Fo instance cells fram the lng extbite 
many clsters disiibted among the mac 
‘phage, eDC, and eosinopil landmark, inlet 
{ng tit cals in this sve were phencypialy 
distinct from those In bone mar and even 
spleen, Alveolar macrophages in the lang ex- 
pressed the proteins CDi and Silee, whieh 
re canonically markers of cD and eosino- 
his, respect) (Fig 2F) (39). Silay, te 
liver map exited many clusters connected 
the maeropiage landmark, although the length 
fof the lines eonnecting them as longer than 
{those forthe macrophages inthe bone marrow 
(= 0.000% by anesided Wiicowon rank sum 
{es sxe Mater ad Methods, cansisteat wi 
the unique characters of Ber macrophages 
(Kupfer eels) (ie 26) 40). Overall, thee aps 
of prigheral sold organs, including the gut 
86) exited ess ie than thse of mph 
fags othe ae mato reference, adit 
that imune cls in these ster are Hy dict 
In thelr phenotypes and fancions. Sewers pre- 
ously uncracteried eller phenotypes are 
ised in able St, For future tues, cel pop 
Tubons present in any tsue could also be we 
to define lundmaris for argan-speific maps. 
‘Moreover, a eampurative malas of immune 
ongamton within the gu rove stespeie 
‘racers, with signicanty lower frequen 
‘er of CDt and CDT els and higher feqaen- 
‘es af macrophages und DCs the clon thas 
{in the snl intestine = 28 « 10°, P= 000, 
Po» 10", and P= 19 ~ 10°, spel 
by one-sided test fg. 8). This understand 
‘ng wil norm fur nvestigations of immune 
responses and pathologies Within regions of 
the gut 


Genetic variation affects immune cell 
‘composition and phenotype 

‘We used the referenar maps to evel the in- 
pct af genetic diversity on immune ell pheno 
fypes and organization. We generted Sf 
‘aps of immune ells rom to common inbred 
‘mouse stain, SSS and Buje (i 3). Map- 
lng els fom the bape muriw fot these 
‘nina ont te C7BI/Srefrence map reat 


that the vast marty of clusters fl lase the 
(C76 landmarks (Fg 5, A and By Howeves 
feral ell lasers ete distinc fm those a 
the CS7HL/G reference. This Uke reflects gee 
ete varlabiiy, suchas the relative lek of T 
calls in Balbje mice, which we eonemed by 
onveatonal analysis of xl poplations (CD 
‘Teall, P= 00007, Cbs Tels P = OO; 78 T 
cell, P= 22 «107; NK els, # = 62 « 10" by 
“ANOVA 

‘Similay,anabjsis ofthe maps for Imphold 
onguns from these strains demonstrated high 
‘ely between unsupervised uses and land- 
‘mars, th enrichment for mature bmphowytes 
‘Other cel types in these ongans also reflected 
the undeyinggencis, such as pDC and NKT 
cells which were overrepresented in the SLN af 
Babje mice (P= 12 « 10°" and P = 75 = 10", 
respectively, by ANOVA) Pig, Cand D, i. 82, 
and table $2) In contrast, the SLN in C37BL/S 
‘ice contained signifantly more «DCs and 
NET cals bat fewer CD} T cols than ald the 
SLN from the ether stains (P= 50 = 10" P| 
29 107, and P= 3 » 10-%, rapes, by 
ANOVA). Anas of peripheral slid ongans re 
‘eal her apgaent imps of neti variation. 
Inthe liver, ah unexpected hi in cal density 
fom the macrophage to the eDC landmark was 
sled ony in 19S1/Sv mle. Further ines 
tigation of these els demonstrated dliferentat 
‘expression of CD84 and MHC I! in ver maco- 
ages fm those Inbred sins causing these 
falls wo adopt @ phenotype more sir to that 
fat eDCs (Fg. 3, and F, red arrows) The i 
ference in CDs Salning could be attsbutable 
toa polymorphism in the gene expressed by 
2981/8" mlce (61). However, this diference 
Im MHC I expression was not observed when 
comparing macrophages in other slid ot 
fans, suggesting tat this disparity Is specie 
to the liver. 

“These results illustrat the aii of Sato 
‘maps to highlight samplespeci ferences in 
{numune cel chaseteristice These maps convey 
‘common global svete of maune all pop- 
‘ations long with specie infuenees of gence 
variance. 


Circadian influences on 
Immune organization 
"To vestigate ciradan immune ductntions, 
hich ean powerfully rate immune sytem 
Thi (429 we obtalned orgs om CHB 
mice in four batches, eter inthe moming (& 
tog am; Zeltgber time 110) or afters (1 
102 pm: Zetgeer tne 6 to 7) two conse 
ve days 

‘Aas of the maps rewaled a number of| 
cell popaltons that fueuted acording to the 
time of diy: Unexpectedly, hese were sil 
‘aly more pronouneed in the peel slit 
‘mga than in the Impl tissues The lags 
lispayed lear ceadian patterns with remod- 
fling of the ratios for several immune eell pope 
tations (ig 44). To walldate these ndings. we 
sed Moorescencebased flow eytmety to Lae 
‘stigite the composition ofthe lungs in & new 


color of animals In bth analyses, the fequen- 
fle of CDA T ells and B cls were slgieatly 
Tgher in the aftersoon than inthe morning 
(fg. 48) in eonzast, the frequency of macro- 
Dhige increased in the moming revealing & 
compensatory shift in composition from mye 
Toit lymphoid cells (Fg $8. Seatfold maps 
{in wld ell populations from the lungs were 
sed asthe landmarks additionally reeapita- 
lad these resus (Ng $7. Further investigation 
tf the macrophage compartment by generating 
* populton spe freedieted mp reese 
Aierential remodeling of alveolar and iner- 
stitial macrophages In eveadian manner (fa. 
SA) Vlluton by conventional esters coro 
borate that alveolar macrophages were more 
prevalent inthe moming. wheress instil 
‘uacrophages Were increased in frequency inthe 
Mteraoon (fg 85, 8 and O, Ts rence mip 
‘mals reveled previously undetected ine 
face of veadian tytuns on immune organ 
2ation of peripheral organs tht was particularly 
prominent in pulmonary pote and mac 
ths The symptom sever of patents dag- 
‘owed with infectious or tpl Ing patolgies 
(he, allergies, asthma, and vl peamoaiss) 
fluduanes ina creadian manner (45, 8) These 
esis provide potential explanation for these 
tuends a the Iungvsident immune compar 
ment undergoes endian reorganization. This 
gest hat eertaln modes of antigen presen 
taton cou become exceed dng dierent 
times of the day, or coud indste that nsaly 
applied Yasin or Uhrapeuis might have 
fering infoenss on immune function depending 
an the time of apption. 


Integrating human data into the 
reference map 

‘Because immune col types are wel eonserved 
between lee and humans, we analyzed human 
fata vera onto the murine reference map 
(46), Mass estomty data from whole peiph- 
‘ra blood fom four heal human donors Was 
used tough the Sexfld map algo. We 
faleulated distance between clusters onthe bas 
‘15 ol sue markers tat have sma el 
‘ubsct expression patterns between humans and 
mice (Fig 5A to C) Differences between the 
Secs Were apparent suchas the Increased f= 
‘quency f neutophis und rae sari of 
cells inhuman peripheral blood (47). However 
the similar overlay patter confirmed eommen 
‘ohastracur of munky. We also generated 
8 map of murine bload using ony the sume 15 
prtans to measue astans fom the etal 
lished landmars(Pg SC). This sia Is not 
surprising. Gene expression networks In specs 
2s Wwe) separated as humans and mice have 
‘tong sitatites—sven to the pit of enabling 
frye serwenng based on gee network sates 
(46), The human data were not somalied or 
‘Aderentilly ransomed in any manne, under 
Scoring the robustness ofthe mapping speach. 
forts to generate ahuman-eemte reference 
‘map may enble more dete mapping of 
‘man immune organization, but these rests 
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Fig. 3. tmmune organization across Inbred mouse strains Scatol msps for several tssies fom 129S1/Sv and Balo/e mec, using CSBL/S bone 
marr asthe reference same to detne landmark sades (0: (A) bone marow fam 1291/84 mace, () bane marrow tom Bal mice, (6) LN 


{tam 129S1/S\ mice (B) SUH ram Bale mi, () Wer ram 129S1/Sy mic. (ver ram Bale mi (= 2 for ach panel Hisogra 


MAC expression on ner macrophages am representatne mice af eath Svan 
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eronstrate the feasibly of comparing cll 
lar features across the species bare, 


‘Mapping archival data 


‘The ability to map data from independent ex 
etiments would increase the uty of «refer 
fee map, creating a dynamic sour in which 
Snowledge cold acsue over te. Therefore, 
we mapped archival Horesence based How 
tomety data onto the reference map Pig, D 
0). We used previously published dataset 
fof bone marta cells from C57BL/6 aie ob 
{hined with elgtelor aw eytonsetry nel 
{ng lineage epeitemakers 220 for Beall, 
(CDith for myeloid cols el receptor cas 
(ICR) for Tells, CDs, and Cs to dtingush 
‘the miso ypes of mature T cel) aswel as stem 
callprogentor markers (stom cll growth fe 
tor eeptor (eK), stem coll antigen 1 (Sexe), 
‘and EDI30] (7, We used only the information 
ontaned in these eight dimensions to ealelate 
stmt (ig 5). As a pot of reference, we 


Fig. Mapping cieadian 
changes in the lungs: (A) 
Scaffold maps of urs of pe 
the momig (ta 9am) ana 
afternoan (1102 pm). (B) 
Population frequencies inthe 
gs between marning and 
stern, ae dined ty tac 
orignal mass cytometry dataset 
()=7 meri and afternoon) 
and a flow up tuorescence 
figereant (9 =7 moming. = 8 
afternoon). Bars represent 
‘means 4 SEM, P values resut 


ko generated Seatfold map from the org- 
Inal mass eytometry data a the C5781/6 bone 
arrow using these sume elgit dimensions 
(ig. 3h, 

Calls rom the Quorescence data cupid the 
major reglons of the Soto map with fequen- 
tes simular to those in the crginal reference. 
Moreover, tbe mags generated frm bots ie 
orescence and mass tometry data using the 
Same eight dimensions exhibited strong sin- 
‘avy, suggesting tat the undesying structure 
ofthe system remained the primaty driver of 
the layout organization. Cell populations for 
Wich no unique markers exist und for whieh 
complex combinations of markers define cell 
{pes (uch asthe diferent mel cel subsets) 
ibied lover resolution on the map and as 
Such, they are grouped In the centr of several 
Tanda nodes Thus, aough the specie 
selection of measured fetus fects the ability 
to dacrininite between snr ol populations, 
en a fw key parameters ean dave el dusess 


Lungs 


Morning 
(Zeitgeber time 1-2) 


Rt orcas 
Mass Cytometry 


£ 


toward eognate known reference call subsets 
svthin the mm. 


Across-sectional view of 
cellular compartments 

1 Would be use to revel in deal the kal 
structure of cell subsite that lack preexisting 
landmarks so as to enable eracteiation of 
lout and deviations. Having identied 
Astinions within gen cl subsets across ana 
‘omic Toons, we used unsupervised fore 
Aimed sraphs (aking lndmask populations) 
to organize els of «given ex ype (T ols or 
endeeall, for insane) defined by trad 
‘ional xtra uch tt deren between them 
‘would become apparent (Fg 6) Hach mgr eal 
population fom every tissue was clustered and 
‘upped together into frcedircted graphs, r= 
sulting in phenotypic landscape for tat given 
fall type_ As noted, manly define landmass 
‘were mtd although they could be defined in 
Subsequent analyses as dested by the user: Cell 


Afternoon 


(Zeitgeber time 6-7) 


Fluorescence Cytometry 
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clusters were colored according to thelr tise 


Sented within the global similarity map for 
each cell ype. Scaling each cluster proportion 


‘sented the relative frequency of els in each 


‘We began ty examining the landscape of T 
ff origin to reveal how each tissue 1s repre- calls acs the body, as T eal are wellknown 

to exhibit aranspecife properties The mae 
ing shows that lage group of cell users 
ally to the percentage of total leuoeytesrep- | was excusvely lead inthe thymus and ex 
ese bth CDS and CDS, characteristic f de 


gS, and tbl). The Tell map then showed 
to predominant branches characterized. by 
(Cs (le) or CDs expression righ), which were 
Tidged by smaller clusters lncklng high ex- 
presion of either Some ofthese cll clusters 
fexpresed the 78 TCH (Fig. 6, inset), Others 


luster ‘elopmental daublepoiive (DP) T sls Fg, GA, | expresing TCRP were loalaed to the gut and 
Blood 
‘A Mouse Whole Blood: B Human Whole Blood © Original Mouse Data: 
‘All Markers 15 Markers 15 Markers 
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Siycoren ran 
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D Ofiginal CyTOF Data: E Fluorescence Daia: F Original CyTOF Data: 
‘All Markers 8 Markers 8 Markers 
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Fig 5. Mapping human and archival data onto the reference map. 
(gid mas cytometry whole Bina Scatlld map rm CSTBL/S mice n~ 
() Sead map of umn wine ood Pltogsted by 1Sparameter mas 
yfmetry wth stance measure using oly hase 1 dimensions or jut 
tt unser sed clitrs nt heel Human paraars wee aced 
{mune cola mahers wth snl celia deren ncn canonical 
sirtce mares used fr detcaton a eet pepulsons by coment! ct 
in as vel as several orthoagaus potas, n= 4. (6) Scat map of eral 
‘murine blood mass cytometry data wih stance measured sig ony the 
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Same 15 dimensions for ljeut of unsupervised csters ont the reference 
(©) Orginal mass cytometry bone marow Seated map tom CS7AL/6 mee. 
{&) Scafot! map of CS7BL/6 bone marow intarogned by aig color 
eresconce-ased fw cyte tom a reviy pushed dats et (7) 
wth distance measued using enly tase eght omersns (8220, Colla 
TCR, CDM, COs cK Sea COISO) for lyout of unsupervised cst eto 
thereference (F Scateld man of ng) mass eytemety data with stance 
measured useg erly the same eight dimensions fr Iajeat ef unsupervised 


Jungs, Ukely representing recenly described 
ucoseasocated Invariant T (MAFT) eels 
(fg 89 and able S) (4. Among the CD” and 
CCDs" T ells expesing the «TCR, futher 
‘isin were dawn by CCRT, CD27, and CD44, 
‘wi are common markers that dsngulsh di 
ferentiation states $9 and able $8) (5) The 
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tise distribution ofthese subsets appeared 
seed, with ensichment of effetar and men- 
fry T calls in the peripheral sold organs. 
group of CDs" of Teall users expressed C25 
Sd frkead box Pa (Fos) characteristic of 
regulatry T cel and were overrepresented in 
the gut (fe $9 and table $4. 


Whereas T cells demonstrate a largely bit: 
ated set of phenotypes with “ring” ell sub- 
set the Hel landsepe was mark diferent, 
‘aubting a contingum of phenatypes in tssues 
‘strbuted across the body (Fig). Although 
alle in the bone marrow exhibited a wide 


ange of phenotypes reecting developmental 


‘ster Each 


Inaepanoerty 


ee 


“Gerarale 
LUnsipenise 
Foreebrec 


‘rash 


Selo byFrequney 
Colby Tse 


Fig. 6. Defining the landscape of tnmune cell populations. Pst 
Spee ndseapes were gerd a olows: Cel ponusiens wore mary 
ec suected to unsperised dstoreg, and lad xt In an unsparsed 
forced rah, Chater re cokred according to ia of gna sted 
bythe number f cals in each ester as a percentage ofthe tat umber ot 
leukaeytes nthe tissue of org, Each plats scaled neperdrty (A) Teall 
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landscape ned COS" cals Cal comping Tal cust rom thecal 
1c sma irtasine tang witha the ed box af vues by 2D scatters, 
‘p= Mt @) Bl andcape ring R220 arc COL cas, 9 = 14. (6) Noah 
ldcape eur CD46" eas, = 1A. (D)cDC beans ung CO 
MHC teats.» =H (E) Macrophage cellanascapencang CDA F4/80 
fal n=, Lineage mares we dened it Materals an Motes 


stages, those inthe seondary mph organs 
expressed higher amounts of #220 and CD19 (2 
fl surtice enseeptor exes by most ma 
tue B cel) with variable expression uf the i 
call eseptor isotypes eM, IgD and CO [the 
low-affinity immunoglobulin E (gE) receptor) 
(fig S10 and tale). The majority in periph 
ral soll organs exhibited reduced amounts 
fof IgD and CD25 with increased MHC U (8 
S10 and tale $4) (5). May thyme B calls x 
nite unaue phenotype, career hy the 
ceracollar matrt receptor CDSS and Sex, 
nd mapped near the pls ell which expos 
(COUS (fg $10 and table $4). Ths, the 8 al 
landscape was characterized by a phenotypic 
‘continu with enrichment of specie pheno: 
‘ypes sccrding to tsue of residence 

‘The NKT eel landscape was predominantly 
‘rganized by expression of CDUD and CD27, 
‘which delineate NET cell maturation stages 
(Pig 6, tg St, and able $3) (2) A ascete 
population of NE calls expressing higher lovls 
of developenental markers CDs and eA (COUT) 
‘hu found inthe bone mao fg Stand tbe 
SH. In the pespinral sid onan, ge pope 
‘tons of NT cells were preset in the ser 
‘nd lng with fever inthe gu A group of NKT 
alle with broad Haste distbuton expres 
18 whl has been associat with NET ell 
‘mem (fg Stand ble $4) (5). These results 
rreapiuate the Inown landscape of Iraphold 
all blog and provide new instbts rearing 
‘immune organization across the body seri 
to the tases in wlth mane calle resis 
(table 8, 

Definitive stutenentsrepuing mye phe 
‘ypes and thelr fneions remain 2 matter of 
Interest (54,55) and cecasional contention (3) 
or insane, examining the cDC landscape r= 
wala several subgroups sme f which expe 
{CDS or COs; ter expesion was mutually ex 
lus and these el types were veepresente 
In the secondary Imnpbold arans (Pg 6D). Se 
fal ofthe thyme eDC clusters expressed CDA, 8 
feature caracerstic of rose resenting DCs, 
which may reflect thelr nee to present late 
falar antgons inthe contest of bath MHC 1 
tnd I promote cel tlranc (812 and 
{able $8 (57, May eDOs in peripheral soll 
‘san the bone maton were CIID” and x 
sod higher tel of ey reer (CDIs)CDC), 
wich sus tat they may be more sensitive 
to antbod-medited activation (lg. S12 and 
table $4. 

‘The macrophage landscape eid distinct 
segregation by location, consistent with thelr 
Hsue-speditc homeostatic functions and see 
renewal (Fig 6E) (5). Relative to macrophages 
present in the SLN and MLN, which exhibited 
‘igh expression ofthe CDT integrin ane MHC 
‘jmp macrophages inthe een express 
senicanly less COD (0g Si an table $8) 
‘The macrophages in he gut ead the highest 
cexpesioa of MEIC Il and Fey respons (CD15) 
(CDSD), which might ree a greater capac to 
resent antigen ta CDS T eels or seas 
‘seuvaton va antibodies (Og 8 and table $8) 
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Macrophages in the iver (Kupffer alls) ex- 
pressed the highest levels of F8/80 and CDs, 
wheres abeolar macrophage inthe hing ee 
ted far avay, as judged by ther high expes- 
‘on ofthe CDi integrin, de Sie F etn, and 
(4 (ig. 5 and table 3). 

‘Thus the force-dected graphical landscapes 
coabled rapid Hentifiation ofthe features that 
distinguish each population acs the samples 
af ners, proving a model fr characterizing 
the predominant diterences among multiple 
sonditons, 


Conclusions 
We exoted the increased parameterization a 
foe ty mass tamer to generate «eons 
ate, eensble rfrence map ofthe murine 
Immune sytem with single-cell resolution. By 
asarsing the compton and characerstis of 
Immune populatins throughout the body. this 
provides the bass fora sstematie model a ine 
‘mune organization Sich nobjctve nested 
‘ew shale methods for comparing soups 
‘comple aia samples. Our vsualztion ak 


the adantages of sucha famewek boone spe 
parent The incnrporatonoflandmarks asia 
the interpretation a the graphical onganation. 
‘They also provide the reference pots freon 
tg dat enabling the unique features af, 
‘upeharactriaed samples to stand ut by con 
pason to a characterized baseline sample, A 
Feforenoe map ofthis nature wil bo use 
additional terations when merged wi mm 
‘olga peruatons sich as iftion, ut 
‘mune disease, or ence to Identify haw altered 
lrumune states deviate fom the sted sate. 
Beyond providing an anata raework to 
‘understand immune organization fom the un 
Sed data set generated here, the aperaches we 
fleacibe can serve as «data repstory for eo 
Iain experimental dats fm th reseah com 
‘munity (fg. Sis). This would provide several 
isin Dents. Fs, users eu me the dat 
Inch in these sts to ivestgate the cae 
fcterits and dso of ell ps of inert 
Ina dynamic way. Second, user modification ot 
ied parameters (Such asthe definition of and 
‘mark populatians) could provide anaes of in 
‘mune structure nt biased by prior stu. 
Perhaps mare urgent tothe community at 
lang, mapping a new ereated data sts onto 8 
reference strate will esi in lol compar 
sons of ara animal experiments wih cin- 
‘ea human data Investigators ean merge newly 
‘mapped data to compare cellar features across 
previously mapped features inthe weeace and 
feape With the implementation of standard r= 
‘ges ana te pesnce or absense 
neal oxtomes dt ern immune cong 


ations might be discerned much as hasbeen 
the case orth accesible aca gene expres: 
son data Ss (0) In one analisis the expression 
ffx newly dsconered regustory molecule fom 
fngoing var gente ers 3,57 could be 
defined inal immune cel pes during health 
‘ud see, This could be achieved by met 
Ing sud a molecu feature by mass eytometry 
1 addin ty the proteins ieuded ere and 
‘mapping the rsuing data. Altemate changes 
[nvmctabolsm or ell death programs Within the 
obal immune stem during cone ian 
‘maton oF aging would be revealed, providing 
‘owl to inform the design of prec ther: 
apeube stateles Monever, as the mumber of 
‘iasurable parameters on singel bai a- 
‘reass the feumewor could easly be updated 
toreflct more detailed data set. 

Seafold maps demonszate the capacity tw 
align data from distinct analsis lator, la- 
tdudlng fhoresencebesed fw tome, or 
ros spas of interest such a he demonsts- 
‘on of mapping human Immune data gato 
‘urine few As the throwghpat of eet 
Single anasis modalities, such a singel 
[RNA sequencing (6,6 continues to devon, 
these data could also be incorporated ito the 
‘ap alongwith other metadata types suc 
blest esas cnal phenotypes, and other 
relsantasays analogs to eer suas for 
at negation (22, There, his ene Ise 
frastnctare forms the basis for a centralized 
repastory in which singleell data ean accrue 
(ver tine providing unid reference map far 
‘understanding the organization and behavior af 
comples cellar stems. rors that eharacts- 
la cela ber ints opensoueeappeoach 
‘il eantinue to improve pan the inating ee 
fronee presented here to reveal the inberent 
Structure nba networks of immunity far 
linia benefit. 
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IVa VACCINES 


Priming a broadly neutralizing 
antibody response to HIV-1 using a 
germline-targeting immunogen 


Joseph G. Jardine;"*** Takayuki Ota," Devin Sok,**"" Matthlas Pauthner*** 
Daniel W. Kulp,'** Oleksandr Kalyuzhaiy,'** Patrick D, Skog! Theresa C. Thames," 
‘Deepika Bhalla, feyan Brine" Sergey Menls,"** Meaghan Janes,"* 

Mike Kubitz,"** Shye Spencer" Yumiko Adachi,"** Dennis i urton,**(t 
Willan i. Sehlef**""*"1 David Nemazee' 


‘A major goal of HV vaccine research isthe design of immunogens capable of inducing 
broadly neutralizing antibodies (bnAbs) that bind to the val envelope glycoprotein (Em) 
Por binding af Env to unmutated precursors of bbs, inciuding those ofthe VRCOL 

class, appears to be a major problem for br induction We engineered an immunogen that 
binds to VRCOL class bnAb precursors and immunized knockin mice expressing germline 
‘verted VRCOL heavy chains. Induced antibodies showed characteristics of VRCOI class 
‘bnAbs,incuging a short CORL3 (ight chain complementarity <etermining region 3) and 
‘mutations that favored binding to near-natve HIV gplZ0 constructs. In contrast. native the 
Immunogens faled to actwate VRCOI class precursors. The resus suggest that rational 
epitope design can prime rare B cll precursors fo atfiity maturation to desired targets. 


flack an effective vaccine agalnst | mimic CDs, in contrast to many antibodies that 
HIV despiteits dentiscaton more than | rely onthe CDRH (complementaniy-deennining 
‘yeas ag, An HIV vacine mst ikely | region 9 ofthe H chain) lop (0, 2,29. The 
Willneed tlc antibodies expable of | VHI2"G2 gone or sultable ltermatve lees ate 
euvalzing the majority ofthe dverse | present in -95% ot humans (7) and these genes 
stmins creating inthe population, A minority | are employed twenty in 0% ofall human 
Of HIVAnfectod individuals eventually develop | antbodes (2,1), suggesting thatthe B cel pre- 
Such broadly neutalingantbodis (ona) but | cursor for @ VRCOTlas response are generally 
{his oneal occurs only after ears ofproaced | avulabe for vaccine targeting 
eal and antibody enevlution (2,2. though | — However several key challenges mst be met 
‘hay fl w consol vis a the indhidual them to induce VRCOTass babs. Fst a sre for 
‘eles pusetranser ofecambinanoes ofa | some hut no al elates of HIV Baa, the pe 
Tuscan prevent infin in ania modes(J-8). | dicted grain precursors of VRCO-<ass bas 
lence, there lean expectation that sucessful | lack detecabe any formative HIV envelope = 
‘lution of As by acnation befreination | enprotains (Eas) 00217, 20-2 To address 
ibe protective inhuman and developing sus | probe, we and er have designed germlie= 
‘abcd yc sa major seach gol. targeting immunogens capable of binding and 
‘TheCDbbinding ste (Cbsbs) antibody VECO. | activating VRCOTlassprecusr B cells in isa 
(9) and other VRCDF cass nabs Mente in at | (17,2, Whether these Immunogens ean activate 
Tesstseven diferent donors representa response | precursors in vivo isan open question. Second, 
wth distinguishing features that might be anse- | VKCoF-dass bn bs cary ight (Lins with ue 
buble to reproducle vane ittion (0-5). | usualvshat CDRs Complement determining 
‘Inparscua VRCUFass babs sharea moteof | region Sof the chain) composed of five amino 
binding that wses the immunoglobulin beat (E) | aed residues pically within a CQGYEFE (25) 
‘ain vasiable (V) gene segment VH2°02 to | motif, 19. The shor CDRLtlengt srequed 
to aol csi with sp20 Env lop Dand V5, 


‘Seana dmg ii saese Te ‘| aM ano acs win this mt make specie 
Sipe ae (a oN iterations o subi the antibody ato con- 
jatrate stare haate AM Rcasere | tat nlao UD 4 75, CDRA wih tis eg 
‘ety Ct (UO) Th cpm Reach rit 2 Geeurin only 0 tT of human & antes 
Irmrandogy ae rerogen cry. The Se (figs. St and S2) (4, 16) and 0.2% of mouse « 
eh ie Lol cA S007 US gn uthse | antibodies (i S2) and the specie anino acd 
Md rat Cntr: WACCLE UDR | fequiements Gece bone luther edge 
Der aonb egy ihe esas | the fequency of useful chain. Therefore, 4 
sie ee Seems mtt | Ten pnginmanogen mat be expe 
Schaar Ra ft acting relate rae VECO as prec 
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sors in the repertoze. Thind,YRCOT-<ass bats, 
ke most other HIV bbs, re hes somat 
‘aly mutated asa result of evan stimulation 
‘fool by ccesive HIV vata (2, 2,20) 
Although engineering approsches can be used 0 
‘develop less mutated baAbs (25 26) it emis 
‘dear that vaccine induction of bel ale 
Strategist nue relatively high mutation lew 
‘le This il mast key be achieved by asoquence 
ffdiferent immunogens that successive returas 
Seals to germinal enters to undergo repeated 
ound of aft maturation (101.721.2780. 
Tn this view, each immunogen in the sequence, 
hile natu inducing astbdies of ineeasing 
fit tose, must induce maturation in meas 
fy cel that enables wk binding athe next 
Immunogen In the sequence. This challenge is 
particularly acute for the priming sep: The 
(germline geting prime st not oly ace 
\VACor-dasspreeusars, t must als induce ue 
tations that enable binding to more nativelike 
boost immunogen that have no detectable sfa- 
ty forthe precursors 

To aes the fealty of meeting the above 
clallenges with @ germlinetargeting prime, 
‘we constructed a knoek-in mouse In which 
the gemilinerevertad Hctain of VCO) pairs 
With native mouse L chains, and we conducted 
[nmunizaven experiments in this mouse with 
an improved version (eOD-GTs -subunt sel 
ssembling anopartie (Gomer ofa previously 
‘kescrbed germlineargeting immunogen (7) 
(Gee supplementary mates and mad) Ree 
Sparse erated by enzyme inked 
osobent as (ELISA; bom generation; 
nd, most importantly, by antigen-specific Bell 
Sorting to define the pool of memnry B cals 
Induced by the immunogen, 


\VRCOI gH knock-in mice 
The te gemilne preusor Is ot known fo 
YVRCOn ar other VRCOTelas babs (30. In the 
Knodiin mouse, we approximated the tne H 
shal precursor with a VRCOD geal reverted 
1 chain (VCO composed of the VINO 
and IGELY'01 genes signed by JlnSolve (32) 
nd supported ty recent lnguina analysis of 
the VRCOT lineage (3, slong with the CORES 
‘fom VECO witha side mutation to removean 
‘unpaired epsteine i. Though ou use oe 
\VRCot CDRHS in VECO gH (news because 
the germline D gene and V-D and Dl juntos 
fant be inferred with confidence) i kel 
departure from the (unknown) te germline 
recurso, the VRCOI CDRH pays a relatively 
linor roe in epitope recognition, aeeunting 
{oranly 8.7% of he area bund onthe Hehain 
Inthe VRCO nteraton with sp120 40) or 102% 
of te area buried on germlioereverted VRCOI 
In its interaction with eOD-GTS (7. Pures 

‘are, the CDRS in VACOT i isulde-bonded 
‘an aaty-matued cysteine in CDI whieh 
‘ay serve to stabilize the antibody conformation 
nd ineease afity for gp: however, this 
‘sul eno aladdin VRCOM gH, Ths, the 
‘usw ofthis CORES sully to strongly bas the 
VACOn gH mouse toward fvuable interactions 
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vith gpt20- or eO-based mmunogens and we 
Indie the VRC gH sequen ia easonable p- 
imation farthe te er ine, the pupae 
tf evaluating gemline:argvting inmunogens. 

‘esting the abit stimulate VRCOY ass 
precursor cells could not be cared out dcty 
Invaldype (WT mie rater smal animals as 
‘one are now to huve a VE gene with suit 
Snulanity tothe humsan VHI-02 geriline gene 
(26,17. To overcame this imitatin, we eng 
‘eer nie to expres VRCOLgH-dain exon 
funder the contol of « mouse VH potato 
‘rode bygone targeting into the fhe (i 
‘8, This argoting to te psilogel locus a 
lows normal regulation of H-hain expression, 
antibody elas switehing, and somatle mutation. 
‘These VRCOT gH mice have similar frequencies 
of CD1g 200 Beals as WT iterates ings 
Ct knocein mie that lack the Inuckin gene by 
‘andom chance in breeding male heterozygous 
‘cin ice wth WT feral Fig 18 By net 
guneaton Sequencing the VRCOT sit-in ge 
‘yas expressed by -#0%% of Bells (Fg 1B and 
‘igs $6 and $6) and was paired with vandom 
‘mouse L chains geeritd in the couse of not 
‘al Bell dewlopment (ig $7) The Lefuns ave 
sma V gen usage and CDRL length dst 
butions as thos of WT lnterates (Se $8) Ths, 
\VRED gt mice cay germlinenverted bab 
precursor Hells at fequency appropriate for 
testing of enlinesargeting VRCOTtss immu 
‘ogens including the eOD-GTS omer 


Analysis of antibody responses to 
different priming immunogens 


\VKeon gi mice were immunized with a single 
Injection of OD-GTS domme, a sefassmbling 


‘nanoprtce composed ofan engineered outer 
domain fm HIV gp120 fused toa amazine sy 
‘hase protein (Og 80) To assess whether RCO 
Uke gealine recurs were prime, welled 
tbody sponses and saqueneed tbody genes 
ff eOD-GtR- reactive B cols that were eapeured 
4 hybridomas or by ell sing of eOD-CTS- 
binding immunogobuln G (gc) Bells (Fig. 2 
and i. S10) To lavestigate the ett of mule 
‘meres we eampared responses to 60-subunit 
‘anopartices (eOD-CPS 6omers) and timers 
(ODT smersTo probe for adjuvant eft, 
antigens were delivered in thee diferent adie 
‘ats: alum, scomatrx "sea" 40-am-diameter 
gle structures compose of phosophnipis, 
‘Sholestro, and saponin that tlle to Imp 
‘odes and can heighten both antibody and ot 
responses bat contain no own Tol ike rexp- 
tor TLR agonist acy), Sigma Adan 
system (Tub, an elo eater emulsion natal 
Ingsyhetc chase deerynompeolate and the 
“TLtt gist monopbosphon ip 8 Team 
nd Rb immunizations were given by inaper- 
"ea injection, and the sco munization were 
\deleed subcutaneously per the manufturers 
ecammendatons (Fig. 1D) To evaluate whether 
Immunogens bearing an unsmodid CDs col 
sesate VRCUT ke prcurs, wotestd sponses 
to beh the native timer BG306 SOSIEGS4 
(94-37) and eODT Gomers nanopurtides prsent- 
Ing a nativelike and non-germline targeting 
(CDsts on an eOD protein sla to eOD-Base 
(2, wit al ghjeosyation ses nae 

The eOD-Cssomer challenge listed a Cbs 
response in VECO! gH mice as thei immune 
Serum gC bound morestongy to OD GTS than 
to eOD-GTSKO, a mutant designed to Beck 


‘germline VRCor binding 07" (Das), 
‘NzvwA and mutations to restore the N27 goo. 
‘vlton site} (Pig. 24 and fi SU). The He 
Sponse of WT mac, in eoatrast, was mainly 
‘on-CDibs epitopes cO-GTS immunogen en 
Ina de adjuvants supported a erum IgG re 
sponse to CDA though ¢OD-Gs mers were 
Stronger than eOD-GTS mes, as assed By 
AMELISA arsunderthecurve ana (Lear 
Under the eOD-GT react eurve minus are 
Und the eOD-GDW-KO curve) (Fig 28) and by 
fRequesces of IgG" memory phenoaype B els 
that bound eOD-GTR but nat cOD-GTKO [eOD- 
(GIN eOD-GTSKO} dented by cal sorting 
(Mg. 20, cODGPs 6omers induced lower ee 
‘quences af non-CDsbs) eG" memory pheno 
‘lle that bound both eODGTS and eOD-GTs- 
KO (eOD-G18" /cOD-GT¥KO"),sugestive of 
anepltopespeide esponse (S12) Both BGS05 
SOSIP S64 mer and cODE lest weak 
responses by ELISA and antigen specie Beall 
frequencies (Fg 2, Band 0, 


Selection of Lchain partners by the 
priming immunogen 

Priming of the VRCoI<ass response was 1e- 
‘wale inthe sequencing data from sorted els 
nd hybridomas Bel sori recovered 17 1x 
TL paired sequences ftom days 1+ and 42,1870 
hid) used the VROO1 Knockin H ein ome 
were wumutated and others ic mutations in 
ttter ot Both of the Hae Leal, as discussed 
blow). Adon, 95 (lo mmumogobulin 
‘(gt ivbidomas were recovered allot wieh 
‘sed the knek-in H en. Among IgG B cell, 
this H chain was pled with Laan paras: 
fof highly estited CORI length and Ve gene 
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mice a WT Ittmates.(B) Net gsrerston sequencing af pen cONA fom 
\VRcOt gH mice reves Vi. 2"02 usage compared wthmouse Vi gene usage (6) Surenayf theme cousefe experments andanajis Mics Were gen & 
Segle prime of mmanagen i asvant ae ten serum ievune responses were eluted a days M28 an 2 postmmustzatn Two fe mice pe SFO 
were snriced far cel zrtng anata day 14a he remaining eect fve mice were sacred a 42 othe anima, perc cll werecolactad at 
1455 10,0 or hyondema generation (D) Overview athe mmunzston gros ised by mmurogan(e00-GT 60 mer eOD-GTS se, 2OD1 omer, rd 
'2G508 SOSIP). mutimere tate (ranapatle or rims), and acdaant (lum, coma or i). slong wth the numberof se sed to teat eh group, 
‘Allgroups were tested inboth VRCO! gH and WT ice «xcet fr BGE0S SOSIP which was ested onlyinVRCDL gH mice. Fe mice per group were usd or 
Bcellsarting nao ELISA, and anadltoal 13 VECO gH mice ware employed for hiybnicama generston afer mmunaation with eOD-GTa Somer (5 or 


teseuxzon -voLevsuERs 157 


sage (Fg. 2) Ninety-two percent (15 of 167) 
‘feODGIA"/eODGT-KO" -sorted eG Beals 
‘sig the VOT gH hd chain with a CDRLS 
length of se amin aids (Fig. and tables St 
nd 5) whereas only -0.9% of ave (nonin 
lad) RCO gH Beelsor WT mouse Beals had 
a Lisin CDRLS length of fve amino acids 
($2) None of the 10 sre el tht wed 
anendogencus mouse V gone contained ve 
amino i CDRLS Among gC beams, Wish 
‘were capaued as early a day 5 of the response, 
sx ofseven hybridomas cared ax Lehai with 
#2 fve-amino acd CDLS, each elated from a 
Aierent mouse (ables 88 to $8) In contrast, 
among 85 Ip hybridomas secvered afer eOD- 
(Gis Somer immunization (for which eODGTS 
finty was weaker than 100M forall bat 2 
Inbridomas, according to surface pasion res 
‘nance (SPR) only 1 had this CDRL signs 
‘ue This suggests thatthe initia selection for 
‘the unusual CDRS length occurred upon class 
‘itching, Ping we repoducbe as IgG B 
elle withfve-aming aed CDRAs were tla 
ftom 20 of 22 mice nani with «OGTR 
omer (4 of 15 mice analyzed by srtiag and Gat 
mie that pradaed IgG hybridomas (able 
eOD-GTS-hinding IgGs preferentially used Vc 


rocusors into the T cel 


falls carrying desirable 


and precursor numbers 


antigens with else 


num to mature VROOL las bs (CQQYEFF) 
(Pig 3, Band C, and fig, $5). In contrast, 12M 
bybridomas used broad distbuten of Vi and 
Vis (table $6) again indeating selection at the 
aseswiteh stage In sumamay, eOD-GTs met 
Immunization sucessfully recruited VRCUVAke 


fn promoted the selective IgG ass even 


‘Somatic mutation patterns 
‘Abb priming immunogen must not ony ex- 


‘ate mutations that allow binding to boosting 
inlay to HIV Env. We 

found many soma mutation among i mens 
fry phenotype B els responding to eOD-GTS 
Somers and contsningafiv-amino ad CDRLS, 
Including some L-caln mutations shared with 
‘mature VROOT clas antibodies (Fi. 90). On the 
‘Lelia, many sequences isolated a day 420th 
response 19 ¢OD-GTS Gomer bl achieved &D 
fr Ein the VECO CQQYEF sequence metit 
Steen of 47 analyzed Ig memory phenotype 
eels had an nucleotide mutation in thele 
amino aed CDRs to introduce a D at 
postion 4 (fg S18},and several ells had an 


As the VRCOI gH-chain sequence vas known 
‘eshain mutations were ready denied and 
ould be compared det to matuze VRCOT 
‘dent fveable mutations. To foes exclusively 
fn VRCOFelasssntbodis, our Heh aalie 
Incudd only the VH segion of Abs that derived 
‘fom the VRCOT gH chan and contain tv 
amino acid CDRLS. Neatly all VRCOFSass As 
fiom day 4 were unmutated. By day 42, bow 
ver, 58 af 9 VKCOL-<ass Abs coatalned st east 
‘ne coding mutation from the sarting F-chain 
Sequence (able SP). Among all VRCOY-dass As 
fGom days 18 and 42 with at least one eoding 
‘mutation onthe Heh, 55 of contained at 
less one mutation that i identical to VROOL 
(Gg Sis), and 250% ofthe mutations in 89 of 61 
sich Ab were identical to those in one af ht 
‘Violas babs (200, NOHO PV, PCV, 
YVACCHSE oF VECOn) (ig 4 and able Stn 
ane ease als euding mutations wer dential 
to mutations found in VRCOFass babs: One 
uricular mutation (135) was found in >s0% 
Bells that dat east one maton ila 
Ing os foms 2 elifeent me and al jan 
soups (able Sand inuding both sorted Ix 
fells and Hybridomas Examination ofthe «OD- 
(GTS/GL-VRCon complex souctre (Protein Data 
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Fig. 2. Serum and 8 call analysis of antibody responses aftr priming 
lmunzation showed rust responses for the e00-GTB 6Omer. (A) 
‘Serum binding ters of VRCOI gH or WT Ittrmate mice mune with 
£00-GTE EOer nanoparticles in Rl were measured by ELISA. Sera were 
tater bring to mnomersof 200 GT <00-GTEAO, Poteau 
Fepresnt themes of OD450 measurements om tee trent mice for 
‘he wecated serum time point (a 28, tp: day 42. bot) at este 
lutions Err arsindeate SEM. () To delernineciferencesin the ee at 
Spey of antibody respons. the aferences between the areas ur 
{he cO0-GTS and e00-GTB-O ELISA bing curves were calculated for 
ys 28 and 2 sera Mean and SD (or bas) or tvee anal re show, 
(€) Frequencies ateptope-orartiaenspectiememary phestype Beal 
‘ted by ow eytemetry fr each mmurzation group. The equency of 
£00-6Ta"/200-GTEKO)” cets among al memery ahenotype cells is 


shown focal groups ekcep for BGSDS SOSI fer heh the frequency et 82505 SOSP™ cele 


tenotype cals shown, Echpointrepresnts arouses at ay 14 
‘Smee. aendcatey bars 


‘the gp220/VIRCO complex structure (PDB ID- | VRCOFas response wih many mutations iden- 
‘gh eves that the HAN rautation enables tial to those in VRCOFelasebnAbs that maybe 
‘favorable drogen bonding interaction vith an | primadels come rossveatve wo moe ate 
‘sspaazine on CDRHS (ig S15) We aso noted | Uke qpt20 molecules Thus peng withthe eOD- 
Aigerencsin mutation kwsin dierent adjuvant | GTS 60merseleed antibody features predicted 
‘soup: Among the dy 22Sequenes, the perent- | to improve binding to the Dabs of En 

ees of Abe with at letst one Hechan coding mi 

{eton wee Fe (@/8) or duthlamunied ace, | Antibody affinity fr the germiine-argeting, 
{wu orks nse andr 4) | Prime and candidate boost immunogens 
for Ribmmonized mice (Fg $8), Oral the | T cell-dependent immune responses promete 
‘Hong selection of mutations ie suggestive of 8 | somatic hypermsation and selection fr B cells 
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Fig. 3. Priming with €OD-GT8 Gomer selects for mouse L chaine with VRCOLclass features, (A) 
‘Meuse che tom sted antewspectiG memery penetype Bc (red) anatomy (ks) 
235 wal ae mo.ce L chars tom Manteo specie hbdomss are) were Sequre o tly CDRL3 
legis andmatstone tom germinemausec xan The derexton of CORI ert shown a ecgram 
‘rrp th novn VRCO cas rth (Bac) and there (urerunaed) VRCOL pH mause andy 
‘eewtore (ots) Ths nahi ted on l sequences sh the VRC gH chan fom ll mes meunied 
lth sO GTB Eos rom a Iybrcoa or ath ine pts nd al aguwart eeu se nF 1). 
una ofc seq.enes rm rd sated serdar. oop seq eck a eat 
(8) Gare sage s show oral Ve gesin aac usr the VECO gH chan ara eae asd CDRLS 
‘acovredbysotng  cOO-GTE QD GT HO reer nate Bal a cy 1 2 om a mice 
lrmazed wh OD GE EOmarsin al aunts (ue 7 (©) Coreson of the VRCOL COALS sence 
(ith sequence of fve-anin acid CORLs ecomted fom VRC gH mice, Sequences ae dpc 
“Seno go at the Pete pone wih the of sch ter coresponieg to he preven fat 
‘ede a tat ston The "VROO! sequence ag shows te sega fe VACOH COALS The "Nake 
epataesemencelogo reeset 1653 sequnces eam ad COP andy oop eae, 
tf eurunererunaed VACO gH mee (hese sequences aru 8 of al LJEB8E5saqunces Yo thse 
ice) The "Urrutia Abs" ar Natad Ab sequnce lags rersat the sels of untae ()= Bt) oe 
uate = 70) anbedies, respecte usng te human VHC gene and a ve-arino ced CORLA 
‘sta rm VRC gH mae at yo 4 afr unzaton wh €OO-GT Ome and Aun oi 
(Whe recta at CORLS rg = Fig 2A comespores totes 58 sequences) tate ST 


ith improved affinity for immunogen, but an 
‘ditional requirement for an effective bab 
‘I pining immunogen sto promote enhanced 
fil forthe presumed HIV boosting antigen) 
“Tose this sspect of theefacy af eOD-GTS 
omer priming we expressed 15 FLL aie se- 
quenees that used the VECO! Knockin H chain 
ft eoptalned fv-amiog aed CDRLS from 
ODE" cODG1 KO" gg memay pent 
Sorted cls (able 7). We then eae thelr 
Tinding to OD-GTS, cODGTS-KO, and cand 
date boosting antigens by SPR. Of the 15 As. 
72 contained no He oF Lech mutation fam 
‘he germ line These uamutated Abe bound 
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preducthe H-chaln mutations found in VRCOI- 
ass Boab. (A) Asta of 6k muted Hho 
(HO) sequences tram cy 14 nd 42 20D-CTE 
‘omer-snmunze VRC GH chan mee (abS?) 
tae the mations ound in VROD les bors 
(l2ai2 3NCe0 Pav. Pav20,vRC- CHa ana 
RCO!) conpareata total Hchainamno acd me 
talon trom the germ ine. En cele represents 
‘a -segle Hichaln sequnce that was ote by 
Stigerspecte memory phenotype Beal sort, 
(@) The total umber of aro acd mutters 2 
ened inthe H chan of anteodes te by 
‘tigen speafe memory phenatype Beal sort, 
‘sted by quant (Aum, co,” fer ssieen 
Saleh nee ares arta at er y= 
postpiming memunston ar grec are dvdea 
by urmatated (white) versus muta (coe), 
‘ha mutated bars ae dvd nt Abs wth one 
ortwa cara mutton (tee or tour eer, 
Iruatons (Bu) ofthe ofS coding mutans 
(orange) The numer of mice andthe rumber of 
sntboces set compe the eauences nese 
ar ae sted at thetop ofthe araph 


OD-GTR with « median dstciation constant 
(Ws) of 2 nM (Fg 5, A and and tale $8) 
eve mutations were equied to promete high 
fay As wth more than tree coding 
‘uations had an affinity too igh to measure 
securately (Kg < 16 pM) (Fg. 64). Confirming 
eptope specifiy antibodies for which we cold 
‘asure a Ky for eOD-GTS showed reduced 
fay for eOD-GT-KO by factors of 6 0200. 
‘Wie observed intriguing dierenes among au 
‘vant groups, with fibeimmunlaed mice produ 
{ng both more Ab (recoverable by sorting) and 
“lgherafuty Abs companed with alum o 5. 

The eOD-GI Gomer was design! bath to 
‘imme germline VACOF<aseprecors and 
ele fr mutations that comer eesti 
to more nativeike gp120 (7. To tet whether 
the lator was flee, we selected the 29 Abs 
{hu hound eOD-GTR with subnanomolr afi 
as wellas og unmatate variants (with \- 
fag Ky for eOD-CT), and seeened them. for 
binding to mare nativelikegpi20 constr in 
bth monomer and Gomer form, The Abs with 
‘more than thn ending mutations not only had 
Limpeoed afi far OD-GT bt ia many eases 
showed afiity Yor eoree-20C Hui? NZ7SD, 3 
‘conformational stabilized core gp120 monomer 
‘pth a nearnaive CD‘be from stain Hs that 
combines te loop and termining of the 
“are design 10,14) with dhe duis and 
spec mutations ofthe "ACO" dein (38) but 
abo lacks the N27 jan. In tal 25 of 29 ADs 
‘hat bound with hgh fini to OD-G18 showed 
detectable binding to eoree-200 HSB NED 
(p< 100 pb whereas none of te unmet 
‘bs dd (Fg. 58 and table $8) 6dmer nano- 
parties of cree 20 Haliz N278D bound to 
2 of 9 mutated Abs more strongly than tothe 
‘monomer bya factor of -100 du to aii, but 
the Somers alo showed no binding to the une 
‘mutated Abs, We conclude that planing with 
cOD-GTS sOmers promotes clonal expansion 
‘and fuitates recognition of moleals present 
Inga near-ative CDs, 


Discussion: The priming problem 


Atal goal of rational vein design i to une 
derstand how to prime naturally subdominant 
antibody responses in a reproducible manne, 
(Germlintageting ors one potential strategy 
‘macheve this gia Here weave wseda grin 
reverted VECO H-cuin knockin mouse model 
to demonstrate that a germlin-argeing imme 
‘nog (@0D-G1S comer) can activate relatively 
‘are VRCOYlass precursors sleet productive 
‘ulations, abd erate a pool af memory pheno- 
‘ype B ces that are kel to be susceptible to 
Boosting hy more natvesike immunogens. 
contrast, We found that iumunogens bearing a 
nite CD4 binding sie ncading bot te 
{ODI 6b andthe well ered G505SOSLP 
Dae times, fled to achieve these gal. These 
results arate the leo an englaered pin 
{ng immunogen to Inte the development of 
‘bn lineages by vacenation 

The dats inthe VECO gH mouse model de 
sev hese have strong potential relevance tn 


160 wsctrso-voLowy scene 


‘humm yaeination. Given thst () VHE2"G1 is | thls study provides song support forthe Wea 
expres in 80% of Bells inthis mouse con | of human ical testing ofthe eOD-GT8 Some, 
pated wath -s-ofhuman Weal (819 (a) the | to assess wither his germline targeting prise 
‘Hequency of @ve-amino aed CDKLS L. chains is | can perfor simlay in dverse humans More- 
(0% in VRCUT gH Beals compared with 06 to | over, the diflrences observed with diferent ad- 
‘ein humans (igs. 51 ad $2) (1) and Qi) the | juants inthis mouse modelin serum iter, 
(CDRH requirements are modest for VRCOI- | eal fequeneies sein of ayorable mutations, 
lass hae (0,189) and appear tobe mi- | and yenraton of ighaiatyAbs~indeate that 
mal for ROD peecusorpehapsnecng | testing dfnent adjavans should be considered 
‘eng of to 18 amino ade [9% of human | inthe dadgn of human cline experizent ro 
‘Abs (ie Si) ts possible that VRCOrdass pre- | ingaciaton of spade dass precusor Bea 
‘usors ae les frequent in humans compared | — Having demonstrated that eOD-GT Gomer ine 
‘withthe VACOI gH mouse ty aftr af any -5 | maniation Initiates a VRECO-lass response 
(80/3 01/0. /07) Eveniftisestimateis | ths mouse model, several addtional develop- 
‘ff by an oner of magnitude or wo due to un- | ments are probably needed to induce broad net 
own factors, tals ue that humans have | tallaing ati. The eOD-GTS Gomer contains 
fers of magitude more Beasthan mies hence | a modified CD4bs to confer gertainerestity 
‘ore potential targets: Therefore, we balleve that | and, assuh, x probably not capable of selecting 


A 


rome eb) antl ret 
Fig. 5. Binding affinities of eOD-GTS GOmer-elicited antibodies fer €00-GT8 and candidate 
boost immunogen (A) £00278 dissociation constants measures by SP ors eD-GTE comer 
sete antbodes alte by antgen<pectie 8 cll gartng (able S7).Antbodes ware capture on the 
Sensor ep and eO0-GT8 monomer was the ante Data are shown fo 42 antibodies tom day dant 
7a atibedes Wom day 42 afer mmnzaion af VECO! gH me with eOD-GTE 60a Each pa 
Celored to eccate the ype of adjuvant used (Alum, scomat ac fit) in te munaatons. The 
Saleen the yas spas tom te smallest doco conta (16 pM) messuseabie by cur SPR 
instrument (3 state by the marutacue) to the gest (10 gM) measurable base onthe ante 
cencetatin iad in the experiment GL_ gam Ine. (B) ssoaton castors mess by SPR be- 
toon sited @0D.G1 Gomer-elisted anttodes and canst boost inmuncgen. rong the 
105 Ans nf), the 29 artes wh the ges sty te €00-GTB (kc, aang wih urate 
anthodes wth over affinity for eOO-GTE, wee sees fr neg to candidate boos irmunogers 
(GsB2 core 200 N27ED and core BGSOE NZTED) by SPR. High anabve cncenraton ws sed 1 
etree Kes up Yo 10D uM, HHE2 corse 200 NATED Gomer rancperteis wee alsa asad th 
‘aes presented as apparent fy. due tothe avy betwee particles and IgG Mts artbodes are 
Shown as een Squares nated arthodes ae town a blak aronds 


all ofthe H-and ean mutations required for 
TnuAb activi against the native CD4bs. deed, 
‘ neutaling activity was detected for an af 
the §eOD-GTs comer induced Asal wth hgh 
fn (Ay <1 nM) for eOD-CT8 and low afi 

Sty QM Kg < 100 uM) for coree2CC Hk 
[N27SD) that We tested against a panel of four 
‘irae from clades and that ila ot 
(WT and N276A mutant viruses with inereset 
sensitty to VRCOT-ass baa (fg SI). One 
design feature of eOD-GTS Is that I acs the 
127 glean emioval ofthis yan ea equi 

‘ent for gerlinereacsty U7. 20. Howeve, 
the N2Eglyenyltion sits conserved in 943% 


of 


HIV stnins acon to an analss of 3796 


Sequences ftom the Las Alsioe HIV database 
(ewwivlanlgov/- Induction of broad neutral 
‘zation wll proba requte one oe mote boost 
{ng lmanogens bearing ean at N27 3 as 


elect mutations to acomamodat that gan 


(07, 0n the H cain of VRCOF ass babs, me 
{utions in the CDR2, CDIG,FWi and FWS are 
ely required or maximum potency and bret 
(24 40), and native Env inno wil 
probably be meade to select for dese In su, 
roosting wath a sequence f inreasingly native 
ke antigens, and potential Including cckals 
of diferent antigens within each boost to mime 
theantgente divert ofthe CDs, wil el be 
ede set the mutations equ or VECO 
lass bud activity. The mouse model presente 
hese, af well as eter newly developed VROOT 
‘lass nock-in mouse models (4), should ad us 
{otest this notion andeun be we to Went te 
antigens and boosting strates that work es. 
(Of note, we demonstrated bere that single in 
‘uniaton withthe eOD-GTs Gomer induces 
‘VRCrclss antibodies with modest affinity for 
{the eee 200 Ha? NBD manera Soe, 


these molecules represent promising ean 


dates forthe fst ost Weare his mapping ie 
‘step ina sequential sraegy forthe rational 
Induction of nabs against HV. 
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SOFT RopoTics 


A 3D-printed, functionally graded soft 
robot powered by combustion 
‘Nicholas W. Bartlett,'*"} Michae! , Tolley,"| Johannes T. 


James C. Weaver," Hobak Mosadegh,* Kata Wertold," 
‘George M. Whitesides,** Robert J. Wood™™ 


Overvelde, 


Robotiists have begun to design biologically inspired robots with soft or partially soft 
bodies, which have the potential te be more robust and adaptable, and safer for human 
Interaction, than traditional rigid robots. However, key challenges in the design and 
‘manufacture of soft robots include the complex fabrication processes and the interfacing 
Of soft and rigid components, We Used multimateral three dimensional (3D) printing to 
‘manufacture 2 combustion-powered rabot whose body transitions fram a rigid core ta 8 
Soft exterior. This stiness gradient, spanning three orders of magnitude in madulus, 
enables reliable interfacing Between rigid driving companents (controller, battery, ete) and 
‘the primarily soft body, and also enhances performance. Powered by the combustion of 
butane and oxygen this robot is able to perform untethered jumping. 


ots are yplellycompsed orig com- | arw more adaptable (1) safer (5,15, and more 
nents promote high precision and | Fesllen (7) than thei filly rig counterparts 
nro. Peguenty construed fiom | The design and febricaton of sf rbot sy 
Hard metals suchas aluminum and ste, | tems, however, present significant engineering 
those obs requ large machining equp- | challenges (8, 79). The bodes of sft robots are 
‘ment and an intricate assembly process In con- | typleally fabricated in custom-designed molds 
trast, recent work hus explored the possibilty | and requie muliple assembly steps (20 or lost- 
tof ereatingsof-bodied robots 1-6) inspired by | wax techniques 2 to embed actuation. The 
Invertebrates such as cephalopods (7-8) and | molds use to create these sat robots ar cam 
Insect larvae (00, aswellas vertebrates inelud- | plex and time-consuming to make, especially 
ing shakes (1) and fish (2), The use f coms | for prototype designs that are fabricated in 
plant material faclitates the development of | small numbers and are constantly evoling- 
blogeally inspised robetie systems (15) that | Adatonally some applications (uch as ones 


equring untthered robots) require gid com- | _ Weust a multinatrl printer (Connes00, | pensive and change inequenty during design 
ponents to power and control the soft body | Suataqs)to drwy pit the funcional bdy of | Heration of te body connected through pr- 
(Gt, 77) ar to perform speae tasks The | a robot that employs sof mater components | defined nttaeo thebody af the wo FC) 
Interfaces between thse rgd cmponenis and | for actuation, obviating the need for complex | This modularity enables ecient eration of the 
the soft body ofthe robo are plntofecurng | molding techniques or ssembly (2). The robot | robot body design, as wel empl eeplacemet 
fale, body composed primar of wo nested eml- | inthe ease of destructive esting The core od 
I mature, many animals employ stfness gra- | spheroids, The fel ttn hemepherld fx | ule contains custom cet bod, itvokage 
iets tin rgd materials and soft stractures | tures u small depression that provides an inal | power sour, battery, nite lr enmpresor, 
Wile minimizingstess concentrations thutcould | volume into wiles cajgen and butane are is- | butane fel el bank f si solenoid vals, © 
lead to fale at rig inerfaes (22,25). | jected. giton ofthe gases causes a volumetic | ygen eartrdge, pressure regulator, and an inter 
(One ofthe reasons blologeal ystems often out | expansion (25 26), launching the robot into the | fal netvork of channel to felltte intericing 
perform enginered systems is that in nature, | airg.1, And B) The top hemisperaid has | between the components as necessary (i SI 
‘hich enploysselforganization for abication, | modals of dase tat ranges over three or | And B)-The care module ls mechanically at 
‘added structural complexity comes atarininal | ders ofmagaitude (om apprcsimately 13IPato | tached tothe rei porion of the body with & 
fast Emerging dtl fabriation technologies | 1 GPa) through a stepwise gradient of nine di | lye of high-strength mushroon-ead fasteners 
(Gach as printing are begining to allow de- | ferent ayers creating astucure that twanstions | Otherwise intra wth he bd nly hough 
Snes 19 move twa this lve of suuctural | from highly fee (rubber-ke) to fully rig | fourtubes nw paeumatic tubes fo the es and 
complexity, sloitatalangersaleand with ever | (Ghermoplastihke).Inadation to providing | ane be fr fe delivery wo the combustion har 
‘materials, These technologies ean be used tp | mechanical inefie fo the rgd contol com | ba and two wines (whieh reduce the spak inthe 
‘manufacture geometrically inteate designs as | ponents, the rgd portion ofthe top hemisphe- | comastion camber. 
fficenty as simple desis with an equivalent | fod also prevent undesned expansion lolly |" Chatacteriztion of nine aD-printed materials 


mount of materi. tnd foeusts the energy of combustion into the | witha set of mechanical tests informed th de- 

‘ound, enhancing the jumping ficiency. Paeu- | sign ofthe -pinted rig/son robot. We per 
Satna tat og wich ie a noted hemlipold de- | formed qualitative twisting experiments to an 
lier Cie AN Se Lk apes er | gaint that of te adn body suoand the | an intulve understanding ofthe response ofthe 
Selphy eer hart fentmal esse actuator and are sed to tithe | various mites (Pig. 2A), Mechanic testing 


nip MASS UA tpt fei and 


eee cm body bee a jump, eating the deetion af | ona universal testing machine (ston 2534, 


(bran Sey nat lcenmotion Ths separtion of ver and contrat | Instron) yielded quantitative ylues of material 
Inspr rarinet sao ew YouPorn | actustrs simplifies actuation and gives greater | propertis (Supplementary ta). This Informe 
Net We Cone oe Calg New Yt 18”” | conta over diction. ‘on was used to simulate the operation of the 


Bee genet BER, |" tnarder wo simply prototyping we chose» | robot wing fie cement ans (EA) sat 


wc ehartacttnwenctarrdeas | modular design witha iid care module con- | wave, which allowed us to compare the rla- 
jeer eto oly ee taining the contd companents (which are ex- | tive efficiency of jumping robots with diferent 
a 
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Fig 1 Robot desig and principle of operation (A) To nists a ump. the promete aes] manga he es the gaseous mass ted esti 
‘obotinltessubsef sags tite body nthe ended ump rection. in combustion, Lag wltlon occ Conereny wth fu celery, ac le 
Upon combusten the bottom hemispheroidbaloors ox. ping agit the deflstion begs short afte landing. (©) Camputer-alded design mel ot 
rundandgropeing tie abotinathe ak (@)Thelgntionseqiene conse the ete robot, consctng ofthe man explosive actuator surourded by 
St hel delivery: meg, ae sprang Bune and angen a alterna de hee preumatic legs, Aig core mode tat cana power and ental 
ltd othe combustion chamber (a pramste ming) Aer astert elit components sis stop the main body protected ty asamicft Shela 


material distibutons, Further stulations a 
Towed 1 to examin the diferences in stress 
‘concentrations as a funcion of material di 

‘usbtion (fg $2) The results fom these stdies 
‘evel thay when compared to an abrupt mat= 
‘ial transition, the incorporation of a graded 
{Interface could achieve a 20% eduction in ma 
{mum stress upon tense loading, reaching 3 
‘value comparable tothe maximus stress ob 
served in a soft singlesaterial model. Al 

‘though & perfec smooth gradient from rg 
to flee would ave ben Weal the eapblty 


Stepwise gradient of at 


ofthe fabrication technique was limited to 8 


‘The actuation strategy necesiated a Mexble 
botuam hemispberod, whereas the of-theshelf 
control components fequired a rigid Housing 
however, the sttiess distribution ofthe top 
hemispheroid was unconstrained. Thus, to de- 
termine ov the materia properties ofthe top 
hemisphere! would aft jumping we sim 
Inte thee eases: () alex wp wit a small 
‘el potion to mount contral hardware, (i) & 
top featuring a stiffness gradient fom fully 


‘exile to uly rg and (a fully vil top 
(Pig. 28 and movie 31). Simulations showed 
thatthe fable top was Ineient at dieting 
‘he energy of combustion into the ground and 
roping the robot, suggesting weak jump pet 
formance. As expected, the simulated rigid top 
but produne the higiest ground eaton fore, 
‘whereas the gradient inp robot exited a per 
fonmuance between the to extremes 

‘We ened out addonal simulations to la- 
vestigate the behasior ofthe thre designs dur 
Ing the impact of nding ig 2C and movie 1) 


‘st nine materials, 
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Fig. 2 Material tests and simulation results (A) Qustatie titing 
anaes comparing 3D gtd beams tat at ul eile. al ga Palt 
‘onze, er Vanston gral trem rig to Rouble These tests were pr 
formed to gan an andstanng of haw hese mater respond, 25 wall 35 
tavvalate the numerel values of the materi properties ured in simul 
‘ton (Ltt) Matar strut ofthe beans, Midd) Baars unde trie, 
(ght) Simulston of beams under tosion(B) lumping simdation (Le) 
(Ground eacton fre as ema gases expand. (Midd) Pressure elton, 
Inge tn abet boy as neal gases expand, (Runt Delarmatien state of 
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rigid top,gradent top, and tebe tprabt bodies atte ia stat andthe 
pont of maxinum seulated gas exparaon Lin thikressaswdcate me 
{ena thes. (C) Impact seul In bw seulatn, te ob thes the 
‘our at a5: Thisagle was chosen as aparicualy extreme kacrg com 
tion andbacause&coreated wih observations tam npg experiment 
(Get) Reacton faces xperenced ty the thes robots upon sting 2 soi 
lane under smelted condtonsrepesentate of actual testing coeitons 
(ight) FEA rsuts of ai to, gasent top, ae elle top rbets, con 
yea at SN 
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‘The resus Indicate thatthe rig top robot 
experiences a given reaction force (50 N) at & 
‘much smaller deformation than ether the gat 
dient o feb top robots Immediately upon 
limpet, the rigid top robot experiences an abrupt 
Increase in foes, whereas the radent op robot 
experiences & more moderate incease. The fx- 
Ible top robot ses almost no inerease, unl the 
small igi portion sites the round, nating 
‘rap neeae alin ott ofthe igh op oe 
bot Integrating the foreedspacement curves 
(p to 50%), we find thatthe rid and fextble 
{op robots oly absorb 15 and 73% (respective) 
tf the input energy that the gradient op robat 
hsb. The ineeased energy absorbed by the 
trudient top robot during impact suggests that 
ff wil be most success at dstributing the 
Impulse ower a longer duration, therefore ree 
Ing peak stresses and providing the leat vleat 
landing. 

By SD-pinting diferent tes eases, we exper 
‘mental eed thse imultion resus A jump 
Ing robot with a completely rig top was able to 
Jump 112 mn uethered using 40m of butane 
fan 120 mi of angen. dental testing cad 
‘ons ona gradient top obo produ a jump of 
(025m. A fel op robo was deemed mprae- 
‘heal to print becuse of the predcons fom 
[EX As predicted by the simulations, the gat 


Fig. 3. Experimental testing results. (A) Fares shart aftr he mamt 
tf gourd contact fom mae S2 (pact Camparsan)Mentel tes, 
conctons were used a anayaetheafvance mlandeg betweena bat wth 
2 fig ep ad ane wt = gras op. Because the ga top ret panes 
higher under combustor poweredtestng theeradenttoprebe was roped 
‘rom the masirur height achive ty thera top rot for det eam 
parson (Lt) Tenge top reer tactues upon mead. (Reh) The wadent top 
Fobet let sor the npact ard sue a (8) Frames tan moe S2 
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lent top robot was less efdent a jumping. 
However the gadient top rober was beter able 
to withstand the inact nding (Fg 3A and 
‘movie $2 In ane test, the bya the gi op 
bot shatered upon landing tviving ttl of 
Just fe jumps the gradent top rbot survived 
‘more than ce tht numberof me and = 
‘alned operational Other nerty Menta gr 
‘lent top obo survived ever 100 jump (in 8% 
afte tess, we removed the core module fom 
{he body and delivered the combustion products 
nd ignition sparks through tether to simplify 
testing, reducing the stem mass to about 50% 
that ofthe untethered stem). To provide ade 
rect comparison in landing behavior the grad- 
fet up reba was adatonally dropped fram the 
‘aximum eight achieved bythe ig top robot 
nd successful survived 35 falls supplementary 
text) The sfhess gradient provides the macs 
sry igi to tran the pulse of combustion 
to generate fei jumping andthe eompiane 
ofthe ase absorbs and dissipates the energy of 
the landing impact By trading the jumping f- 
enc ofthe ig ob fran pre ay 
survive landings, the gadent top robot demon 
strated a eater overall robustness 

“urbe sting the raft tp et sue 
high vesilence and good performance (Fg. 3 
and movie S2 This obo autonamousl jumped 


up to 076m a ody heights) high and dem 
onstrated ditional jumping of upto 035m (5 
ody lengs 20% of jump height) laterally per 
Jump (Fig. 3C and movie $2). Unlike previous 
‘omnaston-powered so jumpers that were ater 
techs (25) or achieved only fey untethared 
jump duc wo incnsistent onpocin of elec 
‘ue pecan componess tthe ntefae of tae 
‘pd and sit components (2), this desig owed 
for many sues jumps with singe sft ot 
(21 unthred Jumps and 89 tethered Jumps) 
Aner jumperdesgn hs lo shown the ability 
‘oper mile jumps ean operate on uneven 
tera, and can even reaver fom nding in 
any orientation (27, although atthe saeifice of 
‘ietional control In our system, the hgh en- 
fay density of the fuels theareially allows 
onboard storage of sufient uel for 2 conse 
tne Jumps Guppy ext. The bods were 
eeemal rust surviving dozens jumps Before 
they beeame unusable The monolthle desi has 
fo alg pars or tadhnal oints that can be 
fouled or obstructed by dbs or rugs tesa, 
ted the mas design request der 
‘on for actuation. As with previous jumping 
soft robots pawered by combustion (25-27, 
nd untethredsjstems exposed to dice ames 
(a?, ved not observe sigan damage tothe 
Soft (or Hid) body materials dae to the beet 


(Cue onto ele) at arias tes. The rbot pero tagetedump fata 
‘rgd sutazcrtoa ale (Lat) A the robot prepares fe the kar oye ac 
ane aed ino thecomtusten amt (Nc) Upon ton ol he 
‘uo he rbot s pepe ino the a. (gh Aer powers ag the 
robot rds cn atte (6) Fares om ave S2 (Drecterl ung) tas 
times dung 3 dectral a. The rbot ches tacks tg the umes 
rosa asf ining onthe ste gs. Upon enact wth he grou the 
‘ae tes rwanda t ream stn 


exposure to elerated combustion temperatures 
id ames, 

The fibration of sot robots ung mul 
‘material 3D printing has numerus advantages 
‘ve traditional molding techniques. This srt 
ay promotes high-inoughpat protryping by 
enabling rapid design iteration with no add 
‘onl eost or ineseasd morpbologeal camps 
ty. By allowing designers greater freon, aD 
Pioting aloo faites the implementation of 
ood oboe dein principles, suchas mod 
{ny andthe separation of power and conta a 
‘los Reon sof mba speedy the ability 
to plat singe structure composed af mule 
‘materi enables investigation into methanicaly 
complex designs without the dacs of com 
pls asembly ce ineonssent manufcturing 
‘epaatabliy: Ones desig samadhi radent 
{hut eases the tanltion fom sotto iid com 
‘Ponents tug sts retion atte nertice 
ff materi mismatched in cmplanee Aug 
‘the meri aval to this fabicatonstategy 
fate currently Kinited and perhaps best sulted 
{o the fabrication of prototype devies, future 
Alevelopment of materials eompatbe with 3D 
printing wil only enhance the relevaner ofthis 
pena 
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APPLIED PHYSICS 


Mid-infrared plasmonic biosensing 


with graphene 


Daniel Rodrigo," Odeta Lima)" Davide Janner* Dordaneh Etzral,” 
. daler Gareia de Abajo,** Valeria Prunes," Hatice Altuy!™ 


Infrared spectroscopy isthe technique of choice for chemical identification of biomolecules 
‘trough ther vrational fingerprint. However, infrared gt interacts poorly with nanomeric- 
size molecules. We exploit the unique electro-optical properties of graphene to demonstrate a 
high sensitivity tunable plasmonic biosensor for chemicaly specie label ree detection of 
protein monolayers. he plasmon resonance of nanostructured graphene is @ynamieally tuned 
to selectively probe the protein at ferent frequencies and extract ts complex refractive 
Index. Adatonaly the extreme spatial ight confinement in graphene—up to two orders 

‘of magnitude higher than in metals—produces an unprecedented high overlap with 
nanometric biomolecules, enabling superior sensitivity inthe detection oftheir refractive 
Index and vibrational fingerprints. The combination of tunable spectral selectivity and 
‘enhanced sensitvty af graphene opens exciting prospects for biesensing. 


raphene has the potential to restape the 
landscape of ptanis and optcketrnics 
‘owing to ts exceptional opal and ela 
teal properties (3). tn parila ts 
Infared (OR) response is characterize by 
long ted collective electron aseilatons (plas 
mons) that ean be djaumialy tue by eee 
Stag ncaa wo conventional lasanie 
‘ater such as noble metals (4-0) Further 
‘more, the electromagnetic fds of graphene IR 
lasmons dpi’ unprecedented sata confine 
tent, making them een tac fot et 
hanced lighter interaions and integrated 
[BiG photons (u-14. Specialy, biosens- 
Ing isan area in which graphene tua and 
1M light ocalzation offer great opportunites 
The mR range is partieuary wel sted 
for blsensng, sit enmpasss the moleular 
‘rations tht uniquely identify the biochem 
Fel bung blocks of i such as prin iid, 
snd DNA (5) 1K absorption spectroscopy Is 
powerful technique that provides exruiste Bor 


= 


chemical information in nondestructive libel 
fe fishin by aresing hese ional fing 
ints Nevertheless wrationalasrpton signals 
Se probity wesk because of the large mis- 
atc Between midIR wavelengths 2 to 6) 
nd biomalelar dimensens (0m) To ewer 
‘ome th mito high ssi canbe che 
by exlating the strong optal near feds in 
the ict of resonant metalic nanostructures 
(06-28; weve, ths conte athe expense of 
reduced spectral bandwidth ands ultimately 
limited y the relative poo Gel enfinement 
ff metals inthe mid IK (19) 

Here, we feport a graphene-based tunable 
‘nit biosensor and demonstrate ts potential 
for quantitve protein detwtion and chemiea- 
see molecular dentition Ou deve (Fi 
1) consists of a graphene lye synthesized by 
chemical vapor depeson and tansferzed to & 
2s0-nthek native lea xe of loon sub 
Strate Graptene nanoribbon arays (with 
29 t 60 nm and period P = 217) ze then pat- 
termed using electron beam lithography and 
sygen plasma etching (20) A seanning elee= 
tron microscope image and an atomic force 
!mlroscope pel fr types samples re shown, 
In Fig 1, Hand We apply an electrostatic el 
sco the S10, layer thr bls ote (V) 
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Fig. 1 Tunable graphene mid-R biosensor. (A) Conceal view of 
the saphens Hosen, An are beam svat parma rezonance 
‘cross the graphene rnerebens Tre electromagnetic eld concen 
tated at te raban edge enhancing ight intracban with he raten 
rmoecues adsorbed on graprene Pot sensing & achieve by de- 
tect plasmon resonance spacal sft (An) accompanied by etrOW 
dips carespanding tothe motel vevation bands ofthe pot The 
plusmeni esonarceseechostatcaly tae to swegpcontucusl ovr 
the protein woatioal sands. (8) Scanning eachon microscope mage 
sf a graptenenaroiibon array (wcth W = 0m, pend P= BO rm), 
‘eral nanonbbors ave decry wtarconncted by horzntl stp 
to mantain the graphene srtace at unferm pont (0) Atami foe 
meroscope cress section ofa prahane naneron aay 
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Fig 2. Mid spectrum of the graphene biosensor. (A) Etiton spe ot 
‘he prpheneranoben aay (= 30 1m, P= 0 em) fr bas vata Ye 
~20'V 19D V lore (dash canes) andar (cla caves) proton jer 
‘ermation tno = eset here ater in aramnon De 
‘ween regen wi (7) and tht Ta) graphene enorons Gray veri tps 
Indeate amide andl ira bars of he poten, (B) Arai action ot 
‘heexineton spectra te tg phone and pot pares tree 
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‘perimental data. (6) Gaghene caiordesty (.) and Feml exeay (E-) 
fated fom experimental I ecneton space ae hae gagrere ra 
rekon any at fie ppl bass votges Vy (B) Persia he pata 
layer ecrctd om hear if he experevana spec (sa et 
cures) the apne Hosersr compared tothe permit exact fom 
IRRAS ond cipsomary measurererts (dashed lick cures) Upper and oer 
cures show he el and maga campos, epecay 


that is vsied between 0 and 120 V to dyna 
cally contol the Fermi level) of graphene 
station speci af the device ae acquired 
‘sing Feuer tansform Infared (FTIR) spec 
ttoaspy forthe incenteectrle ed plate 
perpmadicular to the nanorbons. Figure 2A 
hos the extinction fora nanribbon aay with 
W=S0nm,P = 80m and diferent ales 
(ashed cures) A prominent resonance is ob 
served which associated with alized surfice 
lasmoas (LSPs) polarized across the nano 
bons By changing V7, the resonance frequen 
ty istuned continuo rom 150 em "to above 
10D em The ion width W’= 90 nm is cesen 
So that he fequeny tuning ange sweeps acess 
the target wrational fingerprints (Be SD, 

We sought to detect protein molecules, the 
primary materlal of le enabling most of the 
file biologieal faneions. The main brs 
‘onal ngerprints of proteins are amie 1 and 
hands (180 and 1450 en, whieh are pe 
ary astocated withthe C-0 stretch and Nl 
bend modes inthe amide funcional group. For 
ddemonstaton of protein detection, we sed 
recombinant petela AVG and soatsntimouse 
Immunoglobulin G (gC) Incubation of AJC on 
the sensor surface allows he formation ofa po 
tein monolayer by physisorton, whieh is hen 
‘sed to Din IgG antibodies and form a wel 
‘defined protaln bye (20) The extinction spe 
tiuof the sensor ae presented in Fig 24 before 


and after protein bayer formation, showing 
radical changes upon protein immobilization, 
The is chserved prominent fet sa ed shi. 
‘ofthe plasmon resonance asa consequence of 
the change inthe reactive index a he sensor 
surface: Despite the nanometi thickness of the 
ei ilaper, we detected fequeney shits ex 
ing 200 em The second prominent effet 
[St emergace oft spect dipsat 1880 em * 
tnd 150 em that ane almost undetectable 
‘en they ae fr fom the plasmon resonance 
(eg. for Vy = 20 V) and become progressively 
‘me intense with nerensing etal ovr 
for V,= 190 V). Thetr spetal postions eats. 
fide with the amide I and Il bands respec 
tied, unambiguously sovaling the presence 
af the protein compounds ins chemically spe- 
fife manner, The decrease in extinction in- 
‘duced by the whrtlonal modes isthe rest of 
resonant coupling between plastans and mo- 
lecular vibrations (2. 

"To exact quantitate infomation onthe po- 
tein opti paramters, we use an analytiat 
‘model of the IR response ofthe grape nant 
bon aay (22) We model waphene in the 
ectostatie Umit (W, P-<e 3) under the as 
mption thatthe ibbon response i dominated 
by the lwestordr answers mode. The mox- 
fl volves a detaled account of the poten 
layer however, resonable agreement i ob- 
tained inthe Hn of thick protein layer Te 
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{ean effective graphene bbon plaizaity that 
‘aks nto acount te comple reactive inden: 
af the sles substrate, (25) and the material 
lnumedataly above the sbboas my, while thee 
effient tia funtion of 2 Ga parca, 4 
RD fr PW = 267, Hare, yaa rs are the tans 
tisson and reflection eoeffient of the ater 
face between media 1 and 2 in the absence of 
graph The response of th er eats thug 
Is roquney- dependent surface conduct of) 
whlch we model ithe led randon-phase ap 
imation 7). Finally, we compute the ratio 
ff wansmision in segions with and without 
‘gaphene asf whichis te maga mse 
led in dhe experzonts 

‘We fst used the ana modal 1 erat the 
\gapene parame fom experimental IR spect 
fe tve nano (Leith y= 1h The ca 
‘ne saa ne rete in Fig (dade cues) 
forte extract relation tne (c= 15) and 
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Fig. 3. Graphene versus go. (A) Ethctlon spectra of rashes an gold 
nanoaitenna aay bore (dashed caves) arate (sc cures) poh 
layer formaten fer plasmic esonares peak auay fom the meer 
‘rain band The gid tema tye dmersions 26 4m ~ 02 ym «01 ym 
hl the rapree s based to = 20. Te special sit ole plasnonc 
‘resonance (rated by hotzorial arews) shows the rfactve nde se 
Stinty of the besenaos.(@) Extinction spaca of graphene sed god Be 
Senses after grten formation (Hick cues) ard tng (hn cures) for 


plasmen peak ovelappg withthe maecubr vation bands. The gotta 
feenas have deversre 21 ym» O2 wm » G1 ym and the graphene gate 
voltage sv, = 120 The want ofthe spectral etures at amide are 
bends (16560 to 1550 en") cea the SERA servi ofthe sensors 
(©) Nested enhancement dtrbuton[EE,| nt pasrene senso oper 
Sing at 1600 em resonance frequency. (D) Pucertage of space teat 
eal nena conned whi 3 lume etendeg a stance d auside 
thenandafenna let ssa seen for d between Oar 42 nm 
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erm energies (= 017 to -D eV). We ab- 
serve tht the cater density (n,~ £3) changes 
nel wt ( 2) and papbene has an ae 


(Good agreoment 6 observed between exper 
‘mental and auld specs (R28) fo the 
rea Lorentzian parameters up asqures 
‘ing. The exacted permit has nendir 
“28 and shows i abserton 
Peake a1 ane ASR rm mang the aide 
and I bands especie (Pg 2D) The tet 
erty i ao in good agement wth ne 
dependent prin peritisty measurements 
fiom eisometry or and I reflection ab- 
Sorption speerosopy IRRAS) for S00 ¥, 
(Go). There i, however, 2 small discrepancy, 
whlch we attbute toa slight overstate af 
lao protein coupling inthe heneted mde 
‘These result nt that the propel graphene 
besensor combines refacie index sensing sit 
8 prerupte of isle plasm sess, withthe 
“ulgue chemical specacty of mid-IR spect 
Copy, together withthe ext degee of fesdomt 
‘oa bythe gaponeeletrv-ogtial tub. 
"The characterises of our graphene biosensor 
come more eden by comparing Hs spectral 
sponse to tat ofa stiteethear meter 
Caled sure plana resonance (LSPR) sensor 
‘spose of a yd dipoleantenna ary (Pig) 
‘Both dvs ae fst operated ina spectral range 
foc of pti ational mies hy sting gr 
phen at Vg -20 Vand designing a gold dipole 
Jeng £= 2m 88. Upon pin ia 
agi we deta ene shift of 160 efor 
rupee, whichis approsimately 6 times the 
"7 ea" shit obtained with gold Next, the ope 
‘atl spectrum is moved tovard the prtein 
fide and 1 bunds by sting graphene at 
ia Vand sing erent gold sence wit 
21m (Fg. 38). Cea, dane tunability of 
‘aphene tone of ema cant ove got 
{or suraecenbansed I absorption SEIRA) ex- 
Bln sy rs oad pen with ast de 
‘ee In aon fr the SEIRA sd comes 
‘othe amie hu the graphene senso features 
1 signal modulation of 77%, which is almost 3 
‘nes that observed with the gold sensor (0%). 
"The lage spectral shins and absorption si 
‘als coin the unprecedented east af our 
‘phen beesor othe cops eft nex 
ft the target meee Fors lt-trequency 
‘lasmons, the graphene atomic thicknes leads 
toahigher confnenent, esting ina much ager 
Sati overlap betwen the md plsmanie 
‘Seid and he analve Figure 3C shows the nex 
field dition of LSPR modes in grapene 
‘anoribbons and gold dipole aay caused 
‘rh finteclement method, Th eld hotspot 
Tea at the endpoints ofthe go dips 
and along the edges of te graphene nanan. 
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GALAXY EVOLUTION 


An over-massive black hole in a 
typical star-forming galaxy, 2 billion 
years after the Big Bang 


‘Benny Trakhtenbrot* €. Megan Uny,*#* Francesca Clvano;** David J. osarlo,* 
Martin Eivs,* Kevin Schawinsk,” Hyewon Suh,*” 
‘Angela Bonglorno," Brooke D. Simmons” 


‘Supermassive black holes (SMBHs) and their hast glares are generally thought to coevohve, 
so that the SMBH achieves upto about 0.2 to 05% of the host galary mass in the present 
ay. The radiation emitted from the growing SMBH is expected to affect star formation 
‘throughout the host galany- The relevance ofthis scenario at early cosmic epochs isnot yet 
established. We present spectroscopic observations of a galaxy at redshift = 3.328, which 
hosts an actively accreting, extremely massive BH, nits fnal stages of growth. The SMBH 
‘macs i roughly one tenth she mass ofthe entire host golay, suggesting that ie has grown 
‘much more efciently than the host, contrary to models af synchreized coevolution The host 
alayis forming stars at an intense rate, despite the presence of a SMBH driven gas auton 


everlines observational evidence span- | thelr host galas (1-4 Moreover, enor and/ 
fing a wide range a exmie epee, have | oF momentumdeven“odack” fom accreting 
eto a eommonlyacepted pzurewhere- | SMHS Active Galactie Nuces AGN) s thought 
Insupernassivebiask oles (SMBHs, yy > | to quench star formation inthe host galay (3 
WAL :M bthesolarmassjcanohe wid | To dreay test the relevance ofsuch senaros at 
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cul cosmic epochs (hgh redshis, 2) equzes 
‘the most sie properties of SMBHs and thelr 
thst inning maser and putes, to be 
‘ered, Seer beervaional tes found that 
ft? (more than 2 billon year afer the Big 
‘ang the pal ost aseith Myy 
‘increases tj higher nei (6-8), ses 
{ng that some SMH were able wo gather mass 
‘mare efector aster, than the stella pop 
Tuto in thee hosts. To date, measurements ot 
Ay at caller epochs («> 2 have only been 
conducted for small samples of extremely lu 
Iminous objects (Lyus, > 10% eng 8; (2-22) 
representing arate sist ofall aceting SMBs, 
‘wi number denstieson the ander of 10 pet 
{Gpe (Le, ~ 10°" to 10 Ape" (15). Moree, 
the high AGN tuminasties in such sues ne 
‘vinelm the host galas emission and probit 
Felable detrmigation of At and therfore ot 
‘Myu/M,. We inated an observational ca 
alg aimed atetinsting Min xay-Slected, 
‘unobecured 2 = to 4 AGN within the Coste 
‘yolution Survey field (COSMOS, (74). Such 
surges have lower AGN lumnesite and ae 
‘more abundant than the aforementioned lam 
‘nas sores y factors af 190 to 100 [e3, 
45) and ths form amore representative 
subset ofthe general AGN poptlation. More- 
‘ver the fter AGN tunis ad ih ul 
‘watelengah coverage of AGN within the COSMOS 
‘eld enable lable messwements of the mss 
find gut ate ofthe tla population inthe 
‘ost gales (A. andstar-ormation rate, SFR. 
‘C-947 isan eray-seete, unobscted AGN 
ate = 2:8, detected a bath XMM-Newton und 
(Chanda xray imaging data ofthe COSMOS Hel 
{aoe fg Sand sections $2 and $4 in the sup- 
plementary materials (1) We obtained a near 
{nfared (IK) bana spectrum of CID-947 using 
‘he MOSFIRE lstutment a the W. ML Keck te 
fexope, whe at = 1328 cavers the hydmgen 
1p bead emiston ine (ae dealin section St 
Inthe supplementary material). The eaeat 
spectrum shows a very broad Ht emisson in, 
‘song oer fetuses (1, Our spectral anal 
$i indicts that te monoehromate AGN um- 
os at res-ftame 5100 Ais sna = 258°2.8 = 
1oMergs The ype lineafsight velo [e, 
the fllewide a hafman ofthe ine] is 
11 S30;pms Gee section $12 in the sop 
plementary material) By combining this Une 
‘wid with the observed Zeyo and ring on 
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an empirally calibrated estimator for Mag 
Base en the il meson of rized ner the 
SMBH (7, we olan Alyy ~ 69°82 = 1M, 
All the report measuementelated uncer 
taints are derived bya series of simulations 
nd epresent he than 4th quantes of the 
resulting distrbusions, These simulations inde 
fate a SMBH mass lanes than 3.8» 10" Mat 
{he 9% confidence level (ce sections $12 and 
$5 the supplementary materials for more de- 
tals). Determinations of fy tom singleepoch 
spectra ofthe Hi emision line are Known to 
so be affected by stgueant sjtemate uncer 
talnes of upto ~03 to 0 dex Fora detalled 
Alscusion of some ofthe systematics and r= 
Inte aes sb section 33 n the supplemen- 
tary materials. This high Mu comparable 
With some of the most massive BHs known 19 
{ate the loa ner (1) wa the masses 
ff the biggest Hs nthe much rarer, moe ie 
Iinows AGN at =~ 2 to 4 fea. (9). The bax 
rete huminosty of CID-D47 I nthe range 
d= (11022) 10" ergs estimated eter 
from the observed opie iminosty oF the 
rmuluwaveengih spectral energy dation. 
Combined withthe measured fu, we deve & 
normalized accretion rte of [Jésus > 0.01% 
6.02 This value slower by at least an order of 
‘agnitue, than the aceton rates of known 
SMS at ~ 35 (eg (6,10). Prter assum 
Ing a standard radiative effeleney of 10%, we 
dttain an eflding time scale forthe SMBH 
tas fat least 2110" years (Gy) ee setion 
53 in the supplementary materials, whichis 
longer than the age fhe universe at = = 3.328 
‘By contrast, even the most exteme models for 


the emergence ofseed" Ble predlet mises no 
larger that Mu ~10"Mp ate ~10t020(ea, 
(09), Therefore the SMBH powering C1D-987 
ad to grow st much higher accretion rates and 
taigh day eye the pst, to acount forte 
high observed May nly 17 Gy after «= 20, CUD 
‘57 could have evled oma a pent population 
aula tothe fast-growing SMBs obeerved fn 
222 5 quasars, which have at ~ 05 to and 
‘Mu 10" [eg (112) The requlement ar 
‘igh action rate in the very resent pst is 
Supported bythe ear presence ofa high-velacty 
‘tow of nized yas observed in the estat 
tuailt sperma of the sour (Og. 84). The 
broad absorption features of CTV 11549 and St 
IW’ p00 have tim velctes Of tng = 
12000 km Assuming hat ths out iven 
by radiation pressure, tse velais require c= 
felon es OL Lyy 2 01, as eel a8 1 
10? years the saved ep see section St 
Inthesupaementary nutes) We once it 
‘he SMBH powering CID-O47 1s in the final 
stages of owt and that we are witnessing the 
Stutaawn a woetion ona ne of ers 
sve lls nom to date 
Thericalection faery COSMOS mali- 
vwaelength date avalabe for CID-947 enables 
ts tasty the base properties of its st alasy 
(see deal in section Sé in the suplementiy 
‘materials. A previously published analysis of 
the observed spectral energy distribution of 
the elason from the source reveals an appre 
lable stellar emission component originating 
{Bom 56°24 = 108%, in stats (20, Our ow 
analysis provides a yet lower stellar mass, of 
“$411 10"Af. However, we foens on 
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Fig. The observed Keck/MOSFIRE spectrum and best it model forthe H emission complex of 
(10-947 Te data ore madlec with 2 near continaan (Gated), @ troadened on terete (St 
lashed), and a combration of bread snd narow Gaussian (ashes), whch cvespod to te Hp are 
[Ol emisson ines (se socton 51.2 the supplementary matnals fr deals regacing the spect 
‘modeling. The teas comeonest of Hphas atl wath at hat maura of Pre) = 1330 bn 5 
Wie ete My = 62 «1° We and Mo/M, = 1/8 Th rd dashed ne trates an alters 
Scenario n which te SMH mass derived fom the Hine with would rest Mlo/M. = 1/10 
FPWHCA) = 3218 km +). clearly a xe wth theta. The sphe at na = AGO Ais doa hy 
feat. The bottom panel hows ta esl ofthe bast & model 


the previously determined higher stellar mas, 
fs a conservative estimate. The source fe alo 
detected at fall and (subjalimeter wave- 
lengths, leh allows us to constrain the St 
{nthe hast galaxy to about $00 M. year The 
stellar mass of the host galaxy is consistent 
‘with the typical Yaluefor star-forming galaxies 
ate 3104 (Le, the “break in the mass fase 
‘ono alae; 20) Similar the combination 
of Mf, and SFR is consent with the typkal 
‘ales observed ats —3to 4 which appear 
follow the socalled main sequence of stat 
forming galasies (22). Thus, the host galasy 
of CID- #47 is ype star-forming galaxy for 
{ts redshift, sepreseting population with 2 
‘number density af about § +10" Mpc (ee, 
(2). This suggests that nelther the Intense, 
fonlaing adlation that emerged during the fst 
SMH wyovih, nor the AGN'-driven outlaw, 
‘have quenched star formation inthe host ga 
sn The elatively high stellar mass nd SF of 
the host galay further suggest that it is 
unliely thatthe AGN affoted the host in yet 
‘aber epochs Thats even in thiseaseofexeme 
SMBH grove, there i ao sign of AGNC-doen 
Suppression of star formation ta the host 

(Our analysis Indias thatthe BH-o-star 
amass rato for CID-947 is Muu/M. > 8. 
comparison, most load (dormant) bigh-mass 
Hs typically have My, ~ 1/700 to 1/500 
[see ig 2 and, eg. (4,25)} The Mau. value 
that we find for C1D-947 is thus far higher 
‘han typically observed in high-mas ystems 
in the eal universe, by at Ieast an onder af 
‘magnitude and more probably by a fctor of 
bout 50. The only Toe system with a con 
pray exten mse eat the galaxy NGC 
127, whlch was reported to have MyM, = 7 
(ith Ma = 17 = 10" Mo = 25 + MuiCID- 
‘97; see (2, Dut also (25)} At ear epochs 
(cal = <2), the general Wend is for AM to 
Inewase slighty with edit, but play not 
beyond My/M, ~1/100 Ge i). Oya few 
systems with rellabe estimates of Afi show 
gyi, reaching as high 481/30 [ex (6-8). 

‘Given the high mises of bath the SABH and 
stellar population in CID-947, we expet this 
‘tem to retain an extreme My Af tough 
‘ut evolution, om «= A128 to the resent 
‘day universe. Hecase the My that We fad Is 
already comparable to the most masive BHs 
‘now, iti unely thatthe SMBH wil ex 
perience any further appreciable grovth (Le, 
beyond May, ~ 10") Indeed, the SMBH 
secretes af the observed rate though «= 2, it 
frill reach the extreme value of 10! Af, and 
‘bya = lew hive afl mas of 25 «10 
AS forthe hos gal, we ean constrain Its sub 
Sequent growth following several diferent a 
Sumptins Fist if ne simpy assumes that the 
‘aly Wil iene as masse asthe most massive 
‘lacs the eal universe [= 10: (25), 
‘hen the imped fal mass mio ian the urder 
Of MyM, ~ W100, Alternatively, we consider 
‘more velit scenario for the fture growth of 
the sella population, relying on the observed 
sass (M,) and pow fate (SFR). Our exe 
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‘ions inva diferent scenarios forthe deeay of | stellar maces inthe range M.(==0) = 2107) 
‘ar fonnation in the galany (ee section 85 in| 10" Mc, whichis aout an onder of magnitude 
the supplementary maternal) and predict Gaal | higher than the observed massa = 528 The 
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Fig. 2. comparison of C1D-947 witha compilation of observed May and M, estimates inthe 
Ieeal univers [siapted fom (4), assuming the tabulated bulge tal actions}. C1D-947 (ea 
Stahasa very gn BH to-stear mass ata et MyM » 1/10, The asymetnietor bars shown en 
Hg and WM, represent maaeurementrelted uncrtames, whe the symmetic ones demon 
systematic uncertantes of 3 doe (on May) and 1 dox (on M.). The masses infered for 
Subsequent growin scenarios ar highlighted as empty red stars The CID-967 sytem is expected 2 
va only my in My, (prhags 0-10! MC), ut M, raul grow t at kast 2x10! Mand posal 
toasmuch as ~7 = 10" fa by2 = 0 The bel glass NGC 1277 and M7, wich could be consieed a 
descendants fst Ihe C1D-947, af ghd as ea sys (25) and (27) respective) Some 
Suis suggest these gues to have somewhat Maher Mf, and therefore relathvely gh mass 
Fats of Moy/M. = 1/7 and 1/127, reepectiely (24, 28) 


Fig. 3. The observed cosmic vols 
tom ofthe BH e-selar mass tl 
‘Mon/M and its extrapalation 
beyond 2 ~2.C1D-247 (sta) ras 
MyM, = U8 at2 = 3.3, hich is 
higher bya factor oft ast -50 than 
the ype vein ocal ratve 
alanis (at mot, M/A, ~ 1/500, 
ote ine). Tre eth showr 

fer C1D-967 epeset ony the 
‘measurement elated urcertanties 
propagating the wcertaeties on Man 
eden, Te iret ats ps 
tz <2 repesent tpl (mean) 
Vals far several ames wth 
Mg/M, estimates, wth uncertain 
representing the scatter witha each 
Sire [ted symbals, pan eres, 
andonen angles represent samples 
fram (7), (29, ana (6) espace cedshitz 


pec om (7). yen compared to 
ie ecraplton he ululeraty bend suppor by these lover-eci d, Mly/M. ~ (2 +17 


[aston sexed asm (30). C1D-B47 has stat gh May 


BH -torstellar mass rat, Myy/Me 


{inferred Anal mass alos Muy/M, ~ 50. This 
goa can only occur if star formation oninues 
fra realy lang pod (21 Gy) anda hig 
rate (550 Afo year) This would reque the 
presence ofa substantial reserva, oF the acee= 
ton, of eld gas, which, however, could notin 
crease the SMB mass by much Finally, inthe 
‘ost exteme seni, the st formation shuts 
doy almost immediately (1 due othe AGN 
Aden cutiow). and the stem remains “bor 
an! at M/A, — 1/10 thoughout seme Ue. 
Ifthe SAIBH does indeed grow futher (Le 
evan 10M) this would imply yet higher 
AMyy/M.. Thus, the infeed Anal BELostelar 
‘ais tall for CID-47 is, in the mast extreme 
Scenaris, aout lyf, ~ 1/00, and probably 
‘uch higher (we Pi 2) 

‘CID-947 thaefore represents a progenitor of 
‘he mest extreme highanas stems nthe eal 
tniverse, lke NGC 127. Such systems are nat 
‘eto in lange umber, pepe di to ob- 
‘sevationalseleion base The above consider 
fons indeate thatthe local relics of systems 
[ike C1D-947 are galaves with at least Af, = 5 = 
10" A. Such ystems are predominant qu 
scent (Le, wth low starformutin ras, SF < 
1M year) an relatively rare in he lca un 
‘re, ith typi number denies on the order 
fof 10" Mpe-® (26). We conse that CID- 
(94 provides dlrect evidence that atleast some 
ofthe most massive BHS, wih Ay 2 108-4 
led in place just 2G after the Big Bang, dd 
ot ast dwn star formation in thelr ost ie 
Tuvies The host gales may experiener pre 
lable mas roth in liter ep witont mh 
‘uter black ole rth, resulting in vey high 
stellar masses but sll relive high Mg/M. 
{Lowers jens may flow markedly dir 
ut conoluonay pats. However, sjtems with 
‘Myla high as iy CID-DIT tay Be nat 35 
‘ates pevoasly thought, as they ean be eon 
Sten observed mong populations vith un 
ber densities on the onder of 0° Mpc, both 
at > 3 and inthe loa universe, a not just 
‘mong tbe rarest mast luminous quasars 
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ANIMAL PHYSIOLOGY 


Exceptionally low daily energy 
expenditure in the bamboo-eating 


giant panda 


Yonggang Nie" John R. Speakman,2" Qi Wu," Chenglin Zhang,* Yibo Hu," 
‘Maokiua Xi," L4 Yan, Catherine Hambly* Lu Wang? Wel Wel. 
Singuo Znang,* Fuwen Wel") 


‘The camivoran giant panda has a specialized bamboo det. to which its alimentary tract 
|s poorly adapted, Measurements of dally energy expenditure across five captive and 

‘tee wild pandas averaged 5.2 megnjules (M4) day, only 377% ofthe preccted value (138 
‘Musiay). For the wid panda, the mean was 62 M/doy of 459% ofthe mammalian expectation. 
Pandas achieve ths exeptionaly Iw expenasture in part by reduced sizes of several vial 
‘organs and low physical activity. In aduon. circulating levels of thyroid hermanes thyroxine 
(Ta) and triodethyronine (T,) averaged 46 9 and 64%, respectively. ofthe levels expected 
for aeutheran mammal of comparable size. giant panda-unique mutation nthe DUOX2 gene, 
tical for thyroid hormone synthesis, might explan these lw thyroid hormone levels. 
‘combination of morphological, behavioral, physiological, and genetic adaptations, leading 
te low energy expenditure, they enables gant pandas to survive on a bamboo diet. 
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25 bg and 62 + 15 MU/day (n= 3 animals 
‘There Was significant eft of body mass on 
DEE (gestion? < O00}; coefcest of deter 
‘ton 7 = 8%) but no sigifieast dference 
between cape and wild animals (? = 00st) 
(18) The paketit was 52 = 07 Mey 
(n= animals). We validated these estimates by 
‘compari the DEE by DLW to the net energy 
ssimilation (NEA) estimated from inlvidual 
‘measures of asinllaton efcenc, muted by 
‘he dally eal peducsion measured in thw ape 
the pandas almost dal for oaths (= 961 
ial da) Assia fey vated te 
‘and 203% (supplementary text S2, compere 
to previous estimates in eapive pandas (4 > 
89%) (2 67). Daly NEA tegaoules per dap) 
‘ried over the yea, being higher in the winer 
‘months ig 1B. Consequen, there was sei 
‘Sean neve relinsp between NEA and the 
average daly shade temperature (Fig. 10) [re 
gesion: Fug = W978 P< O00) Across all mex 
surements the average NEA was 70 21 M/dy 
(GSD). prior estimate of NEA fr gn pandas 
In apy was 42 Ua (7, shy ower ha 
fou measied value probaly Pease tas made 
at higher ambient temper. esting a sin- 
‘deal, the DEE data were within the standard 
‘deviations ofthe NEA data, We use the ited 


uation beeen NEA and ambient temperate 
to predict the expected NEA on the das the DLW 
tuto was aed The mead DEE averaged 
710 274 (8D) fhe predicted NEA absolute 
‘mean discrepancy 18+ 0:49 MJ/day). This 
discrepancy exits breause NEA values do not 
count ony in wine whieh high boeause 
ff therole a panda urine ascent marking (8) 
Combining the water turnover from the DLW 
fetimates with the water lass i feos inate 
‘hat pandas may produce maximally 40 ters of 
urine daily (upplementary test $2). Linking 
this estimate with det measurements of urine 
solid matter and energy content suggests that 
Pandas may masini ebminate 21 AU/day in 
Urine, not sgnifanty diferent frm the mean 
Aiscrepaney bewvoen the NEA and DEE est- 
tates (tet f= 202, P = 0320, 

The DEE by DLW was only S77% of the ex 
pectation (45% forthe Nld dia} for a teresa 
‘uammal an the bass of ody mass (1D). 
‘These ales ae substantaly lower than those 
for oer mame considered to have en’ DEE, 
such asthe Kala (Phaser cine) at 
nd the echidna Tachlossu arts at 8% 
ff the expected vale Additonal, forthe pooled 
DLW exit, out vais were almot equal 1 


99% of the predlton. The ayes repored p= 
‘nue DEE lr henge eur Lam cua) 
152% of expected (0) Only two other mas 
tals have relive DEE values tare consid 
frably lower than those ofthe lat panda the 
ustalan rock rat Zsomysarguras) of 
the predicted lov) (2) and the dest golden 
imate reminipa nzmibens) (6% of eet) 
(22) However, its under whether these sll 
animals were using torpor during the measure= 
‘ents tere, he measurements for the at 
puss ar amang the loves late to al mse, 
fer mde for a noni mama nf, DEE 
tn the gat panda (and slot) is eloser to the 
expectations fora 4 eple (49 May) (15) 
than fr teresa rama. 

‘Alias may achieve lo tates of metabolism. 
sia behavioral, moephologia, nd pysiolgiea 
‘Mepis Law metabo rats maybe aceved 
by rolxing homeathemay (4. However, giant 
pnd body temperatures idat that they do 
ot engage in ether daly torpor or hibernation 
(a, Presumably sant ponds can ssa high 
ay temperature dese tow DEE ecast 
they havea deep plage able tap thet meager 
body Heat (2) Supporting this hypothe, mene 
surement flatrl surface temperate of ant 


that ofthe three sath Bradys vrigus) 


pandas are sgnicnly wer than those of 
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Fig 1. Dally energy demands of the glant panda. A) Datysntsy expen 
tre (DEE) (megsoues pr dj) using the DLW mthod fr eat pandas in 
Felt to boy mass (ogra). Cave smal (= 5) a represent 
ad ls and wi armas (= 3) by black res. (B) Nat energy ass 
ation (NEA) (megajoues per day) averaged acess tee captive pandas 
festimsted rom asst efceny and daly faa producion and pleted 
against day of year (January = 1) Ar temperatures (ea squares) ae also 
Shown (msn 50). (©) NER (meals pr day ited against amant 
temrature (Bue ingles wit SO) and OEE (megaaes er ay) of 
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capi ndvisls by DLW (ees). (D) OEE by DLW of testi mam 
mals og ld metabole rate (PR) (kibjoules per day) slotted aganst 
dy mass lg, muss (ram) Each pont epesenis a ate spaces 
[data rom (and (10) The sd a the equation og. (FR jade 
er d3)) = L871 + OS 7ogs mass (grams) [vom (9), The gant pana i= 
Fepresened by there data pow. The dated nei equal to 37% of he 
prediclon equation. Some other armas wih low metals a 
Indeed BV. varegat (hes-oed sth): En, ramble (Set go 
fence) 2a 2 args (Austral rch a). 


bras (Sau guagg), dy cattle (Be tau), | animals pent 6 of ter tne being plyskally | In the wild, both the foraging movement 
and domestic dogs (Cons familars (ig. 2) | ache; in the wld 49% of har tine was dewed | speed (1.4 m/hour) and the mean movement 

“Animals may abo redoce DEE by mininzing | to psa! acy. Ths Sings are sinaar wo | speed (25.9 my/our) wore very law (Fi. 38)- 
‘he time spent in and intensity af physi acss~ | thas reported previous (15) Pandas inthe wid | For larger teresa mammals, the dm 
fy. We measured the activity of capve pandas | were mare ative tha those in captivity (ras: ¢= | nant component ofthe dally energy budget is 
by dive obseraton and in he wild using GPS | “2s, P= O01?) (ig. AL Compared with oer | the resting metabolic rate (Nesting metab- 
Joggers and dive observation In eapiviy, the | bears, pandas had lower eels af wetiity 27. | olism is derived from the summed metabolic 


Fig. 2 Surface temperatures of gant pandas, zebras, 
Holstein cows, and Dalmatian dogs at ambient al tem- 
peratures of ~A°C (ue boxes) and 10°C (brown boxes). 
Te petures show epresentatve thermal images (tp) ar 
orm mages (stam) The lt urcereath stows the 
Sry steal src temperatures Boxes represent the 
Fangeof surface temperatures (minrum tomate). 
Mean vate re denoted bythe ed bars (Se spleen 
tary mates fr mare deals) 


Surface temperature) 


Fig. 3. Physical activity and thyroid 
hormone levels (A) Pryscal tty 


levels in wld ana captive pandas 
(Qrean'= SD} Asteraks nate 
P= 00S (test). (@) Movement seed 

* (en frag and mene move 
Speed (mean = SD) over the whole year 
Ind peas Thyroid hormone levels 
for (6) Ty and (0) Ts neutheran 

i ‘mamma (Hue diamonds) fata rom 


(25), Each data point represents 
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‘tes ofthe boty components (1). Some organs | the promoter reglons and exons or introns of 
Such asthe ive, bran, Kidneys and heart con- | the 182 genes Isted inthe Kyoto Engopedia 
tutbute disproportional tothe tl (19, We | of Genes and Genomes as linked to the wild 
eed btenture autopsy data to assess whether | hore sputbess and fyeld snag path- 
frandas ive relatively small gan sizes (aup- | wns wth one exception, 4 unique variation yas 
lementary text table) Giant pandas ave | found in dhe dal nidase 2 (DONC) gene in te 
‘elavely small brains, livers, and kidneys (r= | panda, Which s homologous tothe DUO? gene 
Spectvely 25, 628, and 743% of epectation) | tn hums DUC eases tansiembrane poe 
‘compared with oer eubeian manne These | tein tt etabos the eonveron of water tot 
‘reduced oan sas probably contabuteo thelr | drogen peraxde which s used in the nal step 
law energy demands. Resting metabole rate is | of 7, and syutheis The gant panda DUOX® 
ko stongly influenced by several hormones, | gunecontsias a singe subsinsion of Tin the 
Durtealay the thyroid Hamanes (20) tyne | 16th exn, which causes a premature sp codon 
‘ine (Tad tlodothyrsine (1) In the sume | (TGA) (Fg 4). Ths mutatian is also observed 
aptive animals ia which we measured DEE, | in transcriptome data, sugesting thatthe ta 
Total T, averaged 2444 117 nM (ASEM), and | sept of DUO? would not be translated into 
tora Ty sveraged 098 + 005 nM sar to p= | a complete protein. In humans and mice ss- 
‘ous giant panda measurements (22). The. | offunction mutations in DUO? lead to hypor 
level war 460% and T, 64.0%, ofthe expec: | thyoidsm (2-25) 
foton fra euteran mammal ft ume body | Alou the mite rates of the git pre 
tas ig Cand D) Thee iewuements were | da ae easton lw, we docks that 
lower than in Iiberasting back bears (Creus | they are ently separate from oer uerian 
samerzama) (22) In Fig AD, the data poiat | mammals Other flv animal Be the ths 
Tower than that fr the punda's representative | toad lth also ave very low DEES, sal ti is 
ofthe gray seal Halitoeru grypus): gay sels | probaly tue ofSevera ther spel, such asthe 
tre belive to have low Tvs to ftate me- | frugeoros biturmog Arte binrong and 
{abate supresion ding diving. Pandas ceaiy | the foros rd panda CAs fis) beth 
‘uve ow evel f bat Ty and Ty, which maybe | of whieh have very low basal tes of metab, 
Ingrunenal intr espa tabs. | (29. Rater, the gant panda represents one en 
We compared the panda genome with the = | ofa spectrum of metabo ates wher te dam 
mes of fie tier arivorans muse, and hu- | nant unste tns may be he quit agua 
tan, We dd not find any nae mations in| ty ofthe food they expat (27) 
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Fig 4. Genetic variation Inthe DUOX2 

teene (A) Pun OUOX2 gone located in 

tromosome 15 (g0/GRCHS?) G0) 
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Giant pandas have exceptionally lw DEE. 
which may faiitate survival on their diet of 
Tumboo. Aste of bhavond, morpolgial, 
and phystlogalfators—indding lw pias 
tel acy Sel and reduced sas f same high 
‘mabalim ayans—probabiy contbute to the 
low energy expenditure. Adon vel af the 
{Myre ormones ae about hl ofthe expected 
mounts This may’ be Inked i pst, to mute 
ions in the pands genome in the DUCA? gene, 
whic exes hy stp nT, and, yes 
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WATER RESOURCES 


Hydrologic connectivity constrains 
partitioning of global terrestrial 
water fluxes 


‘Stephen P. Good,"*" David Noone,” Gabriel Bowen™* 


Continental precipitation nat routed to the oceans as sunaff retums to the atmosphere 
f= svapotrancpiration, Partitioning this evepatranepiration fx into interception. 
transpiration, sol evaporation, and surface water evaporation i iffcult using traditional 
hhydralogical methods, yet erica for understanding the water eyle and inked ecological 
processes. We combined two large scale fux-partitioning approaches to quantify 
tvapotranspiration subcomponents and the hydrolagie connectivity of Bound, plant 
Svallable zo waters with more mobile surface water. Globally transpiration is 64 + 13% 
(means Tstandard deviation) of evapotranspiration, and 65 = 26% of evaparation 
originates from soils and not surface waters. We estimate that 28 28% of surface 
‘Water Is derived from the plant accessed soll water pool Ths limited connectivity between 
Soll and surface waters fundamentally structures the physical and biogeochemical 
Interactions of water transiting through catchments. 


‘ntinental preiptition is rosted though | Two distinc stable isotope techniques have 
Sols plans and steams on its return to | emerged as solutions for flux paroning at 
the oceans ce atmosphere. Thishydrlogc | regional wo global seals (9). Both approaches 
a amas esa | ne eee ale ets eect 
fod basen seam daca, plant peo 


to light lates of water (eg, D/H) in wansp- 
ratlon, whlch soften assured to be unchanged 
relive to sol soure waters (3), and evapora 
‘on, whic s Depleted ative to sare waters 
because of the lower vapor pressure and die 
sity af the rare stopolgue (1). Runof?ased 
Techniquer use difeence in the isotope ratios 
fa eespion Ips and auowang ruse om 
hydologe basins to prion evapotranspiatien, 
layer dienes indcatng moe evaporation 
‘fom suc wats (5 15). apatanspaton- 
Tse tecniques ave dry messing the 
‘otople ratio of upward vapor Mux over are 
on and comparing i tn etinuted ales fr the 
‘vaporatio and transpiration ux end mem 
bets (7-19. Though useful both approaches 
sutfer from key dtencis, Runoff techniques 
unable to conser partial eyapration of oil 
‘waters Bfoe plan uptake the remaining water 
1 not discharged to sure waters (20,20 In 
contast, raporanspiaton techniques provide 
Information only within the measurement’ Sax 
footprint and resus re dificult oextraplate 
cos eons of heterogeneous surface over or 
to areas with open surfce water, which (yp 
sell le beyond the footprint of eamvenonal 
fluc monitoring stations. 

‘We establshed a unified framework for y= 
‘droog partion that reconelles runt and 


diy, and surace water quay. Ove the lng A 1% yewow 


tem, changes in water storage are minimal and am seas ae 


repttion entering catchments es as ether 
‘unff reyspouanspion (Further pation 
Ing evopouanspation ut into evar ant 


tnunspintion subsanponents is ext for un orange 
‘estan nk erence a doa ‘Beers aras 


systems, because bole water use einer Jen 
iy coupled with eamstem productivity 2) es 

“At plot sakes, unspratian and evaporation 
‘tuscan be dcelly measured by hydrometse 
levies such as simeers lea net and ap 
‘oy probes, yet these techniques seman dfielt 
to implement at watershed, regional, or cont 
ental sales (5-2) The dase nvruogse pa 
‘dg of transltory ow lnks these fuses and 
Pass that in uation entering the sol olums, 
‘vere it may be used by vegetation, displaces 
reins eld water deeper into the pole and 
eventually into sueums (7), Observed prefre 
$l flow paths ut llslope seals (8, 9) and eer 
‘emia evdence (2,2 pot tothe pony 
‘tsi ater sed Hy plats remains separate 
‘oom water rapidly psn though sos and ata = 
open channel. I this hyerologse separation is 1 ( VSnow 
suhlsbed asa gencralzed phenomena acuss 
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fatehments, mades may requse 4 more com | Fig. Continental hyeralogle partoning constrained! by the global D/H rates. (A) Este 


plex representation of water movement and s- | gota recptation evapctransprstin, and runt 6D values camped wih vues ram 23 
s dept ean 25th, and 7th percendes of satin, whereas yelow 

ote dct he range eed ony an anocean and stmogphere balan lctooe alu ae reported 
oto, where sD = R/Ryy wih te O/H atop atin (VSMOM. Vem sandal mos 
‘o2an wate) (B) Relationship betwen una 8 andthe trarsped action evspcrarspeaten T/ET 
(lu the tactin a vaperatin (em sos, E/E.) (Dour waters: M, ti waters): ands 


Socite sll biogeochemistry (12 legos ers (23). Box 


200 


ea lope lat amd trae ee cnet estate, POF of 6D of he eatraton slob runt (ak). Red and ue shaded sre 


shaw mean values, smoothed wih a Ste moving window, « 2 SE: and dotted Ines show median 
ety Uk percentages across a mutans, (6) Box pat ot TET trom the study, TET trom al tc (3). end 


arpa sie: Ena sogrgpetfgmscats | E/E fom ths stu, (0) The same a (8) or contantl xapasnspraton eD vale 
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crapotransplrtion istopeapprouches by qua 
‘yng the connectivity between soll msi 
tere and mobile surface water The ydaogse 
sonnei” is formally defined asthe faction 
fof mobile surface water derived from bound 
‘waters Vater that resides inthe ol mate ana 
4s avallabe to support plant transpiration) as 
opposed to mobile waters (Water that eapaly 
bypasses sls vin preferential ow paths ant 
oes not mix with Bound waters) (2) tn uly 
connected stem, consistent withthe tans 
tory fw paradign, water azessibe wo plants 
ad sje to sal evapontion aso mums nn 
Streams In a dscempected sytem charade 
by prefrenial fw, sal waters donot interact 
‘th surace waters, ad terete water entering 


fs for Kotpiefacsonstion and data on otic 
Inputs (presipitation) and outputs (runoff and 
cerspotnplftion), to eonstain the partion 
Ing of hdrooeefaes into the subeompenents 
tf wantin, evapration of bound water in 
seis an evaporation Sean mesure waters 

We esaty detained the D/H supe ais 
of cntnental una and evspozansplraton (25, 
Independent of teresa hydrlogle partion 
Ing, Wa an sotopie mas balance af Une oceans 
nd auoaphre Ths oeunatmorpeeapoech 
‘eed satelite retrievals of marine suracelevel 
Dy ope rato nwt apo (20 teste 
foezane evaporation lstope ratios. Combining 
these with meron precipitation isotope rae 
‘lor model based on monitoring station dita 
(25), we elelated the isatope ratios of ent 
ental a the resus ofeach topo 
‘ass balance Here, overland preiitation fo- 
{ope ratios (25) were combined with bulk an 
mosphere water uke in ddd simulations 
ff all terest ux subcomponents aod thle 
‘Sotpe ratios to elelate the lol teeta 
‘vate otope budget 22). In determining this 
Trude, the faxes of sil evaporation, surface 
‘ater evaporsion, ad ldrolgieconnetity 
‘Wore und so tha te isotope rts of cntinen- 
{al runoff and evapotranspistion faxes were 
‘onssent wih the ceeatatinosphete mass bal 
ance (25. 

‘When implementing this fumework, con 
straints on possible runoff, Interception, tea 
Splraton, and evaporation uses witha the 
terrestrial hydrolase ejele (ex, transpiration 
‘may not exted evapotranspiration) limit the 
ange of continental output fx stape ratios 
‘elute tthe previous oceanstnosphere study 
(Pig. UA) For global runot Isotape vals, the 
reve reuse within the range of observed 
lange river values (23). Few direct observations 
of evaptranspiaton isotope vas are aval 
‘le fo comparson with our salt and lage une 
‘araities enist in aunty measuring this 
‘hu (5,6). Our simulations show tht the vale 
of bal rune! is more Deen, sans 
‘atl and tote surface water ersportion ate 
elie to Balaner the bal Istope Dudast 
(ep, Coaveey the tpi alo al 
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evapotranspirtion Is more D-enrched, more 
‘usnspration and sll evaporation ae required 
to mec boeratonal conse (ig 1D) Over 
all the action of evaporation occuring in sols 
fs more sensitive to runoff and evapotanspse 
‘on composition thane the wanspted faction. 

‘Globally; the tanspd faction of xapowans: 
toa stimated be 56 wo 2% C50 a 7th 
perenties), witha median of 6% and mean af 
S%. A previous estimate of global partoning 
(whieh aid not incorporate the evaporation 
ff bound soil water and is connect to mo- 
bile water suggested a value of $0 to 0%. Sub 
sequent critiques and revisions of that study 
have obned stints sna to thowe repre 
how, though with eater uncer (5, 20) Te 
stint uansped fscon dascrbed hare is 
relatively insestie to the ielolgie eonnoci- 

which elects Ue song const posed 
bythe high isotope value of global evapatans- 
Pltation on the magnitude of this rately 
enriched tux We find thatthe global fistion 
tf exapostion ousting sls 645 10 8% with 
‘tmadan fie anda oean of 2% Bas nat 
Simulations we estimate hyde conecigy 
tobe #10 59% with 4 median of J and mean 
ff 39% Which suggests a pervasive disconnect 
between water bound insole and water enter- 
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Fig. 2 Relationship between hydrologic con 
eetvity and hydrlogiepartioning. Thc = 
Sart heralds pt showing the dt 
tion of reat trom Monts Car simuatons ot 
D/tretos ntheconinntal water ey wth caer 
sha reas more hay, (A) The transpired ac 
tin of total evapetranspration, 1/ET ae (B) the 
tration feo aed surtace water evocation hat 
ccs tom eo Eu/Ene 


Ing steams, although not complete aparton. 

‘Although lel runoff D/H ats in our made 
se ype lpr then loa peeptatian D/H 
‘ato, the felted D/H rai of deal runt 
‘Sse tan that of global continental precip- 
ation beaus of spatial paterasin continental 
recitation D/H compasiion and hydrolgie 
‘outing Loa, the evaporation of bound sail 
waters aes the stope value of transpiration 
‘luxbecause plant wos wil withdraw Dense 
soll waters. The postiveskaved disebuton of 
Simulation rsuks witha kr average ole 
Sonnet reflets the fart at at mae cone 
nec vals, the flax entering suice waters 
Is deceased D/H ratios becuse more water is 
bypassing sls that are D-earched Ta si 
‘tons with substan sa evaporation ate con 
sistent with bal evapaanspation fx thats 
fauiced in D relate to prectpition, and sn 
‘tion with low connectivity are cansistent with 
lal off ux tht is owe depleted in D 
‘han presiptation. tn contrast to the tanspied 
‘ratio, the bound ater raporaton percentage 
fe wey comes with connectivity (Fg 2 
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Fig. 2 Partitioned continental yroogle fies. 
Teresa preptaton(amual ean 1 SD) rat 
Iracepted by vegeaton meso sls o” fons 
Irosurtace waters Sol vate theo by pant 
roots wa vans, subjected to aparaten 
fd sks ta the sutace wat OF te ent 
ing he surtace waters, cur resus suggest that 
S24 dered ram te so, wth the renin 
beng consent wih peeptation routed drectiy 
i prseentil Now paths Sutace water tat does 


‘This suggests predictive limits of eur approach, 
In that moreomnsted stems with more sal 
fuportion and leseeonnected atm with 
Jes sll evaporation wil produce sila com 
tinea ouput fx toe ats. 

"The terrestrial hydrologic partitioning et 
‘mated ere comesponds to total transpiration 
‘55000 + 13000 kn pe year (mean 21 SD) 
total sol evaporation of 3000 + 4000 kin" per 
ear, and atta surface water evaporation of 
20002000 km” per yea, asuming an inter 
ception of 23.000 «10.000 ka per year (27) 
fd a continental preipitation of 115000 
‘20 kn per year (29 (Fg). The ranspied 
{rection determined here i consistent with 
previous meta-analyses (Fig. 10 snd places an 
observational constraint on transpiration es 
‘mates rom global Earth system models, whieh 
‘ange between 38 and 80% (4-6, 29). The fae 
ton of total evapteanspration dx occurring 
‘om surface waters, 29% also consent With 
‘aus ftom global Earth sjstem models, which 
ange rom 21 4% when reparted (29%, Global, 
‘Hopi rests provide the bulk of continental 
‘anspition, although these regions contribute 
‘modest amounts of ol ad surface water evap 
Craton a well 

"Tanspirstion fuses form the primary tink 
between the water and enn ede with water 
ont om plane stomata ding erbon aa 
a (Le, plant water us econ) bei ei 
factor dtemniningeeosem finetion and poe 
oc. Athough we estimate that plant wan 
Splatian is a majo of the eapueanspeaien 
‘hu, our ress demonstrate that previo pe 
toning proaches nay overestimate the con- 
‘utution of wansplration because they do not 
consider evaporation fogs multiple extent 
‘water poo and ther connect. Furthermore, 
‘sotple prtoningappachesaze sensitive tn 
Yuk estimstes and thelr unruly as 
‘well as assumptions about intepton rt, with 
lung intereption otpily infitingushable 
‘fom increas wanspzton Bese ba Des 
fe oifen usu tobe unactonaed eae 
{hel souee waters (620), Heease a malas af 
fenpontion oocurs frum sls and not open 
‘waters, moe kno std ofthe role of 
ceossiem structure and mercimate in deter 
‘ining subeanopy evaporation rates 

nally the partial hydrologic dsconnectbe- 
‘ween hound and moble waters, whieh ou e 
‘imaessugget Is substatial and pervasive at 
the global see has impllestions for pedition 
fd minding of both Wer quit and qu 
‘ty within steams anders The elo a 
lbydhemieal properties of surface water 5° 
tems are stony influenced by physial Now 
paths within the near surface, and the low com 
ectity found here suggests, for example that 
Stream blogeocbemisty may be les seasitive to 
Sell zone proeses han would be hydrolase 
compact were higher Athowgh we demi 
‘sng average connectivity valu, connectisy 
“aries wit gow and in tie as preferential 
‘ow paths react and deactted tous 
‘ut the year (0) Inde the eaon between the 


connectivity metric and solvate tan ied | 209 che also 
tebutons yw be comple Gen he un | 2 es aco we men 
uous nature of both water quantity and water | 2, 5" Se una ts on, 
quality ses afcingwatershds words, an | "Gey (or tess Cal 
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CLIMATE CHANGE 


Climate change impacts 
on bumblebees converge 
across continents 


Jeremy T. Kerr Alana Pindar,’ Paul Galpern,* Laurence Packer,” Simon G. Pots, 
‘Stuart M. Roberts," Pierre Rasmont,*Ollver Schweiger," Shella K Colla,” 

Leif L. Richardson," David L. Wagner, Lawrence F- Gall” 

Derek S. Sikes," Alberto Panto" 


For many species, geographical ranges are expanding toward the poles in response to 
climate change, wile remaining stable along Tange edges nearest the equator. Using 
long-term observations across Europe and North America over 110 years, we tested for 
Climate change-related range shifts n bumblebee species across the ful extents of thelr 
latitudinal and thermal mits and movements along elevation gradients. We found 
cross-continentally consistent trends infallues to track warming through time at species" 
rorthern range limits, range losses from southern range limits, and shift to higher 
clvations among southern species. These effects are independent of changing land uses 
‘or pesticide applications and underscore the need to test for climate impacts at both 
Teading and tating latitudinal and thermal limits for species. 


lologia effets oflimatechange weatea | range expansion toward the poles and higher 
‘many speces(7-necesitatingadvancesin | elevations (3-8) Climate impacts could eause 


techniques to asses thelr vulerabilties | loses partsof specie ling range margins 
(2) In addition to shits in the ming at | (7, but those lasses ae iequenly obmerved (3). 
species’ Mf cycles warming has caused | Such rspanses depend on species tat such as 
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eat or cold tolerance, hat reflect shared ea 
‘lonay history and climate orgs (opal 
fr temperate) of a (8 6). Cate change ean 
avec with other thea, lke lands nen 
fiat, to ater specter response to emerging 
nnaons (10. global ehanges can ae or 
‘rode esol services provided by the act 
Specks (Few species assemblages contbute 
‘more to thse seve thas bubs (Bobs), 
‘any of which are denn (2,1) No study has 
ot evaluated lima change nace sees the 
atin and terials of sch ge 
des asemblagespuning to continents 
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a le tay et Bet 
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Sci haue Gre mee ara 
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Actin id Sac pte aioe 
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‘We assemble «database of 42.000 gone 
renaod observations for 67 European and Nar 
“American bumble spas (fg Sa tables St 
and 32) Specs obsonations were gathered fom 
‘he Global Rsversty Inbematon Fai (LT 
‘North American and 192.039 European records) 
(08), Bumbleees of North meiea (05) 058.02 
ecards andthe Status and Trends f European 
Plinates Calabi Projet (257386 rel) 
We measured diferences in specee mortem 
nd southern range iit the aries coolest 
temperatures ocpled, and their mesn eeaions 
Inthe pers (175 to 198, 1987 to 198, and 
1099 to 2010) (ig. 82 0 4a to x aseline 
peo 9011297) (16) We unestigated whether 
land use afte these reste lly we sed 
highsesoution pesticide appistion data sal 
bln the United States afer 1901 to investeate 
‘wheter tual pstde or neonestinoid apple 
‘ons asunted fr anges in bumble spaces! 
ange or thermal limits (able $3). Tests used 
plogenetle generalized least-squares models 
(CLS), using a phylogenetic tee constructed 
‘fom nucea and mitoondrial markers (7) and 
ssunted for diferenoes in sampling intensity 
Tecmo tne periods (Table) 

specs expanded tel northern range nits 
to ua eet warming thelr ranges ould show 
pose (noraward) tdi shits, but oak 
‘ermal ut bold be stable through ie. 
ona Yo expectations and responses known 
fom other ass 4, there has been no chang 


the northem lms of bumblebee dlsabations 
In Nord Americ or Europe (Fg 14). Despite 
substutil warming(~-+23°C), bumblebee spe- 
‘es haved fall to track warming long their 
ol thermal mis both continents (Fg 
‘Table Tese fale to wack cmate cng 
occur in pall in regions that dif in their 
Sons of human lan se (eg, Canad and nor 
thera Europe), whit had no det or interacion- 
sed effet in any sats model Table 

‘Ifbumblebe spies climate responses resen- 
be mast tees eterm ta) the suth- 
en ang! its should have emul stale with 
Inorg temperature log species warm the 
‘a limits. However, bumblebee specie range 
lees fom thee historteal suber its be 
been pronounced im both Europe and North 
Ameri, ith sss rowing -200 km in south 
‘en ana on both conunents Fg 10. Throughout 
Nom Ameri, spices ako experenosd range 
lenses fromthe warmest areas they historically 
sccuped, While European species’ range losses 
‘extend across the warms eons (here mean 
temperatures exceed -15°) (Fg) These 
sponses showed a sgnifeant phyogs, 
With soe related bumblebee species shoving 
Incredsingly similar range shits from southem 
nd warm thermal limits Table 1s with fae 
lures wo espand northward oF in ol ares, 
Tand-ase changes do not rate 10 range losses 
‘fom bumblebee species’ sauthern or warn thes 
‘al its 


Table 1 PGLS models showing climate change and interactive effets 
fon North American and European bumblebees criss lu 
otf eter) them), or eto vais cere by 1999, 
1 200 fo ac spss (rete to the 10 ta 128 basen prod) ae 
regressed seat reel ated the ef, Models pert each cl 
Urn wore Selected using AG hich can ee saiieay nrsgican 


‘arabes Sarmple ses in each te peed (median np spaces = 835) 
wee tested bu eee ang AC Vale cuca ae Ben Wh SES 
ected med nary lest sues (OL) eres suey ates 
(ected) ae grove to erubiecrgarion Wi POLS ess 15 co 


aaa is (39) ae 2 ids ou) Saas aK 
‘rep and 885-286) 425 (58) See = ee = 
‘Pasture (999-2010) “asi eany = = ad ¢ 
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‘Specs with southorn guographial ranges re | iat ngs could conten genes plzatae 
weated to higher elevations scoss Euupe and | dosins in mountainous areas (1), paticlaly 
[Noth Ameria Table and Fg) consent wilt | among bumblebee spades whose ranges lave not 
‘bmerations of range ss from tht southem | expanded fone cold ermal Ls 

‘ange limits vation shitsarelargerin Rurope | ~ Inaden to andase changes, we investigate 
{le Alles information terion (AIC)-ased | wheter peste se afte sis in thermal and 
‘modal sletion includes «smal continental e- | tudinal range lis among bumblebees, Spa- 
fist intrept ee urge, 146m (968 SE North | tly dea, annual pete measurements 
Ameri, 17m (HOSE) Fg 2), Europes moun- | inditiny nonnative 
‘ainowsaeasarearcnied pominan estes, | for the United States uter 199. Nether tal 
Potential inducing more pronounced upslope | peste nor nenicotinold applistions there 
his lean elevations aoerations frsoath- | tlate to observ shits in bumblebee species 
fmspucshuversen -900:msince 1974 Observed | hstoneal ranges or thermal limits (ble 81) 
shi along elevation gradients vary eonsidra- | Nenniuinld effets know fom individ and 
‘ly among spels (tut ollowaeaherent geo | elonyewels certainly eontbute to plinatr de- 
graph pattem. Mean dats amonguahem | eines and could degrade bea polation serves 
‘pecs in Europeand North Ameria sit over. | ‘Neonenna ets on bumblebees have been 
Onertecnt deeds alpine tee neshaveacianced | demonstnted expernenaly using felt-sealsic 
‘upslope sponse to human atte, geamor | teeamens (2). These lel portant fis do 
Phologeal factors and warming 2s) potently | not “sale up" wo explain ersseotinntl shits 
(verakingnesting verwittring and forage | along tumbles specter themial olin 
fatsn strc open areas igh-eation hab- | is. The ing felt change rete hits 
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Fig 1 Climate change responses of 67 bumblebee species across ful lattudina and thermal - 
tts in Europe and North America Fe each mensuemer, hey ants shows derences the ade 
‘of space range mts (A Northern (€) Sour or ternal ums (8) Coo () War), respi 
5 1900 to 2010 relative to Baelie canton for 901 ta 874 Each point eprecents the mean oe 
‘berate a the laud or thermal its fr one bureebee species green re or Eopeand 
pbk for North Ameres). Null expectations (dashed ines) a for no tampa change tudinal or 
{harmal imits Range exparsens tom spaces’ strea aren lmts (A) ar neat By postive 
‘als, an postive vues nda ange loses fom species southern kts (8) Temperate changes 
‘Show whither bumblebee spaces are aang dtfrences song ther thermal ts though time (no 
charg) fling behind (postive ales) or revesing more apy than mean condons detec (negative 
\alis), Cafe bande (G58) for repression models (i, wh and wth content teraction 
stun r thea change terns) wih the lest NC are shown. 


among bumblebee spaces underscores tis obser 
“ation: Range ses mn specie southern nuts 
2d flues to tack warming enndions began 
foe widespread se uf neni pastes 
(Gi. Stand. 

‘Regional anaes sgt tat ttn range 
shits toward the poles are acelersting in mast 
Spedes poups (3), wile her walling ange mas 
uns remaln relatively stable (4) Assemblages 
showing pronounced nortvard range expan 
fons abd limited soatherrrange losses, Uke 
butterflies, originated and dversified in tropical 
slates nd ean ances toleranees to wart 
ondtions (27, Thse specks’ warming-related 
fetinion sks in temperate environments are 
tow) but increas oad Warmer areas Where 
slimatle condos resemble those under which 
they evolved (7,2) Draving on comprebensive 
rang dat, bumbisbe specs show opps rane 
esponsesaeros continents relative to must t= 
‘esta asemblages (4: rapid lasses Grom the 
South and lagging range expansionsin the north. 
‘Mechanisms leading to observed lags in ange 
responses at specie? norm or col thermal 
limits require urgent evaluaten-Coloniation of 
previously unoceupie areas and maintenance of 
‘ew populations stony aft wheter species 
‘wack sifting climatic onions (25) apace: 
that appear insufient among bumblebees Ob 
served loses from spe’ southern or warm 
Boundaries in Europe and North Americ, and 
swocated pllogenetic signals, ate consistent 
‘vith ancetal mations of bumblebees warm 
{ermal tolerances and evautonary engine fn 
90] Palearetic conditions (4. Warming-related 
‘een events cao bumblebee poplin ses 
(25) y imposing demands for energetically eax 
Iybehaviorl thermoregulation even at high t= 
tudes and elovations (26) Such effets are not 
Jutahserved for European bumblebees in cooler 
eglons, where species generally experience tem 
peratures exzeding those obsered history 
itn tei anges (lg. 1D) Go). Range losses 
‘here wil likely agcserate without mitigation 
‘bom cimaticrefugia (27, 
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Fig. 2. Change In elevation of 67 bumblebee 
species by 1999 to 2010 relative to thelr mean 
lutte, Eeatone ae clcusted srg mean ele 
(ates soos specs cbsanats The snes af 
Sim between contents according to repression 
‘5 POLS anayss) The canine bands (95%) 
tt regessen slopes ae town, 
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Climate change appears to contbute distine 
tively, and consistent, to accumulating range 
compression among bumblebee species aewss 
omtnents Experimental relocation of bumble 
bee eoonis into new ateas could mia these 
ange lsses.Asassments of climate ange on 
‘pele ranges ned to acount for observations 
fers the fll extent of pecs’ adtudial ant 
‘ermal lint and esl test fr iterations 
wih ater gba change divers 
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PLACE CELLS 


Autoassociative dynamics in the 
generation of sequences of 
hippocampal place cells 


‘Brad E, Pfeffer" and David J. Foster} 


Neuronal circuits produce se sustaining sequences of activity pattems, but the precise 
‘mechanisms remain unknown. Here we provide evidence for autoassociative dynamics in 
Sequence generation. During sharp wave ripple (SWR) events, hippocampal neurons 
‘express sequenced reativations, which we show are composed of discrete attractors. 
Each atractor corresponds to a single location, the representation of which sharpens 
cover the course of several milisecands, as the reactivation focuses at that location. 
Sulbsequently, the reactivation transitions rapidly toa spatially discontiguous location This 
alternation between sharpening and transvon occurs repeatedly within individual SWRS 
and is locked to the slow gamma (25 te 50 hert) rhythm. These findings support 
‘theoretical notions of neural network function and reveal a fundamental discretization 

In the retrieval of memory in the hippocampus, together witha function for gamma 
Cscillations in the control of attractor dynamics. 


nthe wellknown Hopfed model anetwork | bets of hippseamal neurons (upto 26) with 
‘of recurrent} extale neurons stones dix | place elds ina sngle envionment 10) ane we 
frets memuries as sable actiity paterns | applied tose recording tchulgues to examine 
(atzacters) to which paral patterns are | the fine structure of SWitassocated place-cell 
‘guarantced to converge, based an synaptic | sequences to nvestigate the undesying mech- 
weights reflecting corelations between new- | anus ofthe form of memory expeston and 
ons in the same patter Cautoasocaton”) | explore the eeuitlevdl dynamis of an stae- 
(2, Sequences of pattems can also bo stored, | tor system in vivo, 
hsed on weights reflecting creelitions be: | We corded lateral ensemble acti fam 
tween dierent patterns heteroasecation”, | dorsal hippocampal neurons (figs. Stand $2) af 
hut are generally unsustainable because any | Ave rat subjects across multiple recording es- 
noiseloudsto divergence in subsequent patterns. | sionsas they eld open aenas rine wads 
A solution sto combine fist autossoation for | (Fg 1A, Gand 9 We obtained simutancoas 
ach pattern with slower heteoassocation for | recordings tom large populations of hippoca- 
successive patterns, allowing each pattern to | pl weurnsin ea cording sesion (0 1026 
be corrected via attractor network dynamics | unis per sesson:mean «SEM = 1692 «1.8 units 
bore wanstioning to the next pate inthe s- | per session), allowing us to sceurately decode 
quence (2,5) This process should aut in “jumpy” | spatial information om the hipocampalensen- 
Sequences tat sharpen individual patter wep- | Hlesett patterns using memoryless unto 
resentutions before tansitoning to sussesive | prior Bayesan decoding agit (83) (5, 10) 
pate: however diet evidence islacking, due | We dentifed SWHs that encoded enporal com 
largely tothe dificult of obtaining data from pressed spatial talectorics through the curent 
verylang ensembles neuronsexpressinginter | envionment Fig. CtoFand Ito, and fg. $4) 
tally generated sequences remeded atthe time | (0 which weer "usjetary event” rater han 
‘esolton of neuronal namie. replay" to rele the eservaton that SIWRS da 
Hippocampal SWR-assoclated planecellso- | not akwujs represent a perfect replay of ime 
manne eh nant ealage cents ||| Get portoneror ts taeead tdacre mae 
experimental model in which neurons wth well | broad aay of spatial paths (8-10) Aros all 
‘efinad receptive dss actatd ouside those | sesons inthe open fled and nest tack, we 
recep elds and in specie temporal sequen- | identi si and 564 WR events, respective 
‘escorespondingto psa ujectories through | that met our criteria o be clasifed as tajecary 
‘pce all wile the animal isstatonaryand thos | evens 
Inthe absence of eomesponding sequences of | —Cansient wth par epors (5) tear eents 
‘mullorbeuvors, Werecently developed meth- | aplayed average velocities in relatively nat 
fds to record simultaneous om vere num | row ange(Fig 24 however, when we examined 
texleetnry events on 2 fae time scale, we ob- 
served discontinuous wajectores, alternating be 


Siem Syriac rece em | tree imaaaly Gn wath emtauvedenring 
eT a ea | frames represented the sume location) and rapid 
Tessier dee ee He eae | Movement (i which eanseeutie frames repre 
{aroma ato Ema heya Seated a Sequential path of unique postions fi. 


Fig. 1 Open arena and linear 
track trajectory events. (A) 
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Fig. 2. Movement during 
trajectory events. Qutifeaton 
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9), Wocatated foreach event the tp sie por 
‘fame that would be neces to encodes smowth 
‘jectar ad compared these predict sep ses 
tothe actual stp ses observed within tjetry 
ents (FU 2, Wand C) Observed step sz sig 
nifeanyitfered fom predted, with a larger 
‘umber of very shor steps and a onge tal of 
larger steps (Fig 2,8 an ©). The large pak ob- 
served at vero arose from eonscutive ues a 
‘wich the spe pattern did not ehangey el 
Inating this peak did not affect sigaifianee 
(WWilmon unsun tet, < 10" for bat open 
feld and lear rack esons). The servation 
of alternating immobility nd mavernent iat 
Jestory events was observe in two diffrent en- 
‘sonnets vats dint beuvral equiemenis 
tnd wae consistent acoss a range of decoding 
‘sites inluding decoding Window size and dee 
‘gee temporal smoothing (is. S589). These 
data suggest that during SWI-based memory 
‘expression, information i aot presented Ib 
temporal cotinnoussteam, but sexed in 
dscete, temporal separated unt In ato, 
‘we cserved no efit of ajar proportion ex 
Stat, middle, end) on stepwise movement (0. 
S10) ndeating that temporal segmentation Is 
resent thmaughout the entity ofa tjetory 
‘yent and is Ukely an Inherent characteristic of 
[nformition tow dunghippaampal naciation, 

To explore mechanisms underng the die 
onan ow of information wen SWRs, we 
‘measured the relative timing of movement and 


Smncity during tector vents We cere | ing step sue (lg. 3 and Ruthermore, we 
tht an avenge statonary epoch lased 241 + | observed a phase dependent colton between 
‘ams (n= 3161) inopen Geld sessonsand67 + | muvement andthe sharpness of dese postion 


90 in near racksesions whereas | (Gg. S14). These results were replicated with 


epochs of movement had an average duration cf | multiple decoding criteria and diferent degrees 


‘9 me n= 928) anda 


‘018 ms (n= | of temporal smoothing figs SUS to SIs), sues 


5060) in the open Held and nea tack sessions, | ing hat the careaton of movement wih arama 
‘espactvely- Thus, on average, epeting sof | phase was not dependent on the datsaaning 
‘mimo and movement occured at oughly 30 procedure Together, these data indcate thatthe 
‘0404s promptingusto caine the eorelaten | temporal segmentation ef tajectory events Is 
between Informatica expression in hippxampal | guvered by slov-zsmuma osellatons and that 
reactivation eventeand thesowgamana iythm,a | during phases of high neuronal sctity within 
‘ominent 25 to 0-H elton that orgies | the ganna cle, spatial representation fa the 
{i hppocampal area CA, one sytupse upteam | hippocampus is often fused ona singe kes 
‘fom our recording lotion (1, 2) Consist | ten, wheras daring phases of low neuronal ae 
‘wth por reports (27, we noted a tansetin- | Uy, the spatial representation i mote kyo 
cease in dow-gamma power duing walesory | move wo adjacent ations 

fet (fe 87). nado, we cberved that oth | Iimight be hypothesized hat systemate vars 
fclutey spiking and maneiment dusig tajee | ton athe measurement proses orn spike nn 
‘ory eveats ere paseo wih teskw- gums | ber, could account fr the eorlaten betwee 
rhythm (Ri 3, At Cand F to H, and fg-St2). | movement and slow-gamma phase, We asked 
Intriguing the prefered phase of movement | whether it was possible to observe smooth tx 
opposed thut of neural activity (ig 3, Dand 1). | jcaries whose movement was uncrrelted with 
Acardinghy, step sue was negatively corded | gamma phase wing the dats that we Dad a 
‘wh pke count during tajecary events fs), | leeted and our analss methods Without ater 
and the ttl numberof spks across two eon | place Hells or the precise timing of individual 
Sceutve decoding window predicted the result- | Spikes (hereby preserving the coeelation of I 


vidual spies to the phase of slow gums and 
reserving pase dependent changin population 
‘Sing rate) we created nonrandom sb af the 
cell entities of individ spikes during take 
tory events to generate rjetories that llowed 
the sme path asthe orginal taetory event, but 
progesed smoshly rather than dicontinwously 
"hough space (ig S19}. The sep sles of these 
evened trajectory events were not sttstially 
‘erent from ideally smooth ste sles (Fg 
4 BD. and & and fg S20), Whereas the cor- 
‘elation of spike atv t lo-gaima isto, 
tras preserved, the relatlonship between sep 
Sean slow-gamma pase vas abalished (ig 
(Capa F and fig. $20, We further tuted wheter 
fur bseration of dscntinns movement a 
tanetory events was a result of poor placed 
‘sribtion or inerent nose in neural sty 
‘We simulated usjtory event uty astoated 
it the oneupaney of diferent postions as Pot 
on spiking based on colle’ pace feds and the 
Spike rats typically observed during the short 
time ins used to dao etal actor event 
‘Wenbservsd that al oeaton inte arena could 
decoded acurately (S21, and Band that 
‘enly stepped sequences of postions preduced 
epee ditibutons tat were significantly 
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Fig. 3. Correlation between moverent, fring rte, and slow-gamma 
phase (A} Mean posterce probable (ft cyan ine ineates ternal 
ahi) for a representative trajectory event. Teughs (180° phase) in the 
‘amma trace Indes with dashed lows. (8 Sod'€) Fre pan ed ses 
Slo. across-sssion average spike probably (B) and step sza(C) as a 
function of soganna ae (bn se = 10" ral ator events ed 
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ao P value (50.000 shut 
Pe2og = 10 step ase P= 440 » 10") (0) 


Linear track 


Number of Spikes 


of gamma phase): spe probably 


mean (atrow) for box average ke proba (red) 


fd step size (Du) as a function o slow gamma phase (E) Mean 4 SEM 
probably of observe astep se eater than 0 (a) oss han 4c 


(ts) a a function of sphe count (F 12 J) Ae in (3) to () fr nea 


ents. (Gand H) Mort Cao P vate spe probably P= 200 +10" sep 
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Fig. 4 Forced decorrelation 
ot movement and A 
Sow-gamma phase 3 
(a) Representative trajectory 
(a. 519. (B) Probab isto 
(ea bases on evenly spaced 


steps (Fg 28) The pation 


P= 0.388). (©) Across session 
‘of sow gamma phase (bin | 
ine estes runing 

(ou size = bes), 
sow-gima phase (0000, * 
shuffles of gana prose 


(B10) Aan (A) t (0) for naar track ees.) Weak ork si tet 


‘more smoath than actual trajectory evens (0 
S21C) Thus, the obserstion of slow-zamma- 
Tose dct nvenbent vs 
result of our decoding methodology. stke-phase 
locking phase dependent xlsions in poplar 
level firing rate, place<el sampling, or place 
field coverage 

Prior work has demonstrated that sami, 
power and stony acre hippocampal reas 
(CAS and CAD are transiently icreaced daring 
both SWS and memary-dependeat asks 15-15, 
Andi that thee oaltons play «prominent 
‘olen memory ensoldation and rel process 
Abo CAT recordings annat conse deme 
‘onstrate the source of observed slowgamma 
‘thm (16) i s thought to originate in CAS 
(di, 2,anegon with a lange numberof recur 
‘ent extatuy connections (7). Several studies 
fre consent withthe notion tat ths recur 
ence supports an autoaseodatve nebo In 
led in the mnemonic proces of pattern 
Completion I 0). Iti recogni that 
bounded attractor dynamics in such a network 
‘ca ead to runaway excitatory acy (20), Our 
data suggistasoluion to this problem, in whic 
stuactor strength osllates at the slogans 
‘Bequency between high ves of ety Foes 
‘neural representation ona “uni of inrmation 
(@n suc a singe eatlon in space} and low 
levels fact (Weakening the atc dyn 
‘estoal trnston to adiferent un) Or dst 
suppor the generalization tothe SW sate of 
‘modelo sequence generation during hippocan 
pa thet, n which  eteroassodatve networks 
Identified with connectivity between dentate 
mus and CAS, and an autoasoctave network 


vant tp Stn em) 


Open tela 


| 


Tine ns) 


Stup Size em) 


ith ecurent synapses within CAS (2 Our data 
further suggest that these process alternate in 
time during twajetor-depletiag SWK evens and 
that samme oto my govern hig 
tween thn. this way, arama yt 
‘ay correspond tothe passage of information 
sound a multiegional hippocampal loop. 

‘Mare broadly, our findings of temporal seg: 
mentation of information on the sale of the 
‘amma osclation have implications or memory 
Sd infrmation- processing mechan in thet 
bala regions Gamumsequeny skys are ob- 
served throughout the ban Cand alterations 
In yams elation have been nk with 5 
fal human neuropathies (20 Our dia ge ex 
sSsoat wth agosinghady ors mpg 
‘mma oallations in general memny functions 
(G4, 25-20), Purthermore ike hippocampal ae 
(CAs, many cota bain regions contain exten 
sterecuentxaoryconettons 29, Rte 
‘eulions are belive to mediate communion 
Sd infraton prong between baa eons 
byysmchoniing eal ceeutry with rome pats 
(G0 our daa pointy an atonal en an 
Deuronalarchitectres to focus representation 
While avoiding excess positive feedback 
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NEURONAL MODELING 


Single-trial spike trains in parietal 
cortex reveal discrete steps during 
decision-making 


‘Kenneth W. Latimer," Jacob 1. Yates, Milam 1, R, Melster 
Alexander C. Huk,**** Jonathan W. Pillow*==*"° 


"Neurons in the macaque lateral intraparictal (LIP) area exhibit fring rates that appear to 
‘amp upward or downward during decision-making. These ramps are commoniy azsumed 
toveflect the gradual accumulation of evidence toward a decision threshold. However, 
the ramping intial averaged responses could instea arise from instantaneous jumps at 
diferent times on different trials. We examined single tral responses in LIP using 
Statistical methods for fiting and comparing latent dynamical spike-train models. We 
‘compared models with latent spike rates governed by ether continuous diffusion-to-bound 
{dynamics or discrete “stepping” dynamics. Roughly tee quarters of the choice-slectve 
neurons we recorded were better described by the stepping model. Moreover, the inferred 
Steps carried more information about the animal's choles than spike counts 


smping responses hae ben observed in& 
‘are of brain areas during desison 
‘aking and have been widely interpreted 
‘the noual implementation of etdence 
sccumulton for forming delsions (1-7. 
However, ramping can nly be observed by aver 
aging togcther responses rom many teal (and, 
fen, many neurons}, which obscures the dy 
‘mies governing responses on single tril. In 
partial a dst stepping proces (5,9) in 
‘which the spike rate jumps sochaseal fom 
fe fate to another at some tine daring each 
‘ual an aso ereate the appearance of ramping 


(00,10, Attough deisionsmaking atthe behan- 
lord level i wel desrbed as an accumulation 
press (21), whether the ran eompats dc 
Sons doug a det neural comcste rump) 
fr a discrete Inplementation (stepping) 1 
tains a central, unresolved question in y= 

‘We usd advanced statistical thst en- 
tify the singleril dynamics governing spike 
trains in the lateral intrapaeal (IP) area of 
‘macaques performing a wellstudied motion- 
Aiscrimination tak (ig. 14) (3, 19). We forme 
lated wo spkerain mds with tdhast att 


‘A. motion discrimination task B_—_ ramping (ftusionto-bound) model 


dynamics gveming the spike rte: one defined 
by continuous ramping nanies andthe other 
by dsnete stepping djnamics (se the supple 
‘mentary methods for mathemati deta) 
the ramping model, als known a diffusion 3o- 
hound” the spike rate evolves according to & 
(Gaussian andor yal with linear drt Fg, 1, 
Theslope of dit depends on the suena ofsen- 
sory evidence ad each tls actor coatia- 
‘es unt hitting an absorbing upper bound. 
Alternatively, inthe stepping model, te tent 
Spike rate jumps instantaneous frm an inal 
“indeed tte to one of two decree deeson 
stats during the rial (Fig 1€) The probability 
fafsteplng up or stepping down andthe timing 
fof the step are determined by the strength of 
sensory evidence For both models, we assumed 
‘hat sping follows an inhomogeneous Poisson 
process given the timesuyingsplke rate 

‘oth latent variable modes ate “doubly to- 
cacti" inthe wen that the probably of 
tbserved spike trai given the sensory stimu 
lus depends on bot the nlsy trajectory ofthe 
Tatet spike rate and the Potson variabalty in 
‘he spiking proces. iting such Iatent variable 
‘models requires integrating over all latent a- 
‘stores consent withthe ober peel 
‘which snot anally tractable. We therefore 
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tm rom maton onset os) 
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Fig 1 Motion discrimination task and spe traln models (A) Schamsic 
tf move dot drection-dscrmanaton tack The monkey vews nd dcr, 
nates the net deta of maton stlus of aia mation strength and 
uration ard ndates is choice by making a saccade o ne of two cholee 
{args 00 msatter motion afset One choce tage sin the esponse eld 
tf the neuron ure study (RF, shade pach on ef}: theater outset 
(8) Rampng (attsonio-sound) mode Spe rate rapctones (sole races) 
‘were sampled ftom a dfsion-to-beund process foreach of vee mation 
Coherancs (atong posite, er, and strong negative) The made! garam 
steep te. ade een cae nosevarues 


compating integrator (ace) mad! ot LIP (5). Soke trains (eon) aby an 
Inhomagensous Poisson process fr each ape rata actor () Discrete 
Stopping model Spike rte taectores (above) begin at an ial ate and 
Jumpup or down at random tine dureg each tral. and sxe tras (blow) 
nce gn tolow Passo process, gente tnt ate Thestep times ake 
2 ragatve mia dstrbton, whieh resembles the tine-to-bound ds 
tnbuton wera ctusion made Parameters nce the sph rates forthe 
thse dacrete states and to paramaterspoverning the tron ote step 
timing aed erection for each motion caherence Bath models were sng 
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developed sampling based Marko chain Monte 
Carlo methods, whieh provide samples from 
the posterior distribution over model parame 
ters and allow us to perform Bayesian model 
comparison. 

‘We focused on «population of 40 neurons 
‘vith highly choiceslective responses that ex 
‘Mite ramping in their average responses (1), 
typleall increasing during tal in whieh the 
‘monkey eventually chose the target inside the 
‘espns fd (RF) ofthe neuron and decreas 
{ng wien the monkey chase the target ouside 
the RE Werf each neuron with both ramping 
and stepping models using the spke-rain data 
{om 200 ms fer motion onset (5) 200 ms 
after motion offset (200 ms before the monkey 
received the “go gna). Figure 24 shows the 


A stimulus-algned 


oe 


tale 


raster of spike trains fom an example LIP neu- 
om plotted in two differen ways fst, aligned 
tothetime of mation stimulus onset (Le) and 
second aligned tothe stp time inferred under 
the stepping model (right). The traditional as- 
ter and peistimulus time histogram (PSTH) at 
Jef show thatthe average response ramps up- 
war oe dwn depenting on he as x= 
pected The stepalgned straight, however, 
hows thi dese data are alo consistent with 
Aiscetestpike wansions with variable timing 
coisas Additional panels show the dist. 
butan af sep times infeed under the model 
(Mig 28), and the dependence of step dreton 
{up or down) an the motion signal (Fg. 20) Dis 
fete stein the instantanees spike tte could 
tus plausibly under the gradual ramping c- 


stop-aligned B 


‘rectonaf tas 


tivity awn in timolusalgned and averaged LIP 
spike responses. 

‘We appli the same analy to the fl st of 
[UP neurons and observed simular structure in 
stepalizned msters (gs SUB to Si). Fg 1A 
Shows populationaveraged PSTHs computed 
fiom stimulusaligned def) and stepaligned 
responses sorted by muon strength (dle 
fr motion strength and step dzecton (ight) 
‘Themiddleand right plots show that spike ate 
‘effectnely constant when spike tains ae 
aligned tothe inferred step time on each tia 
‘The malipe step eights observed Ln the d= 
le plot result fom the fact hat the proportion 
fofupand down steps ares wit motion strength. 
‘The right plot confirms thatthe fring rat, 
‘nce conditioned on stepping up or dawn, i= 
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Fig. 2 Model-based analysis of spike responses trom an example UP 
neuron. (A) Spe asters Sorted by the morkay’s chien rout the RF 
Gf the newen under stay (ac, IRF yay ut RF) ar thar associated 
‘reaps (PSTHs, blow). (Lat) Coneritonal stimu ald rates with 
och fra lgned to te tine of mai onset exit corymanlyebered 
‘ampeg inthe PSTH Blue andrea vnglesenaeate the ered ime fn up 
fr con stp on each al under the ted! stopping rede Yall tangles 


A population average 


nesta that a stp was found dung he andaresaced.at the endtthe 
thal segment we analyzed (200 ms ater maton ose) (Right) The same 
sie tras alga to the inered step time fr ash tal The estimatedstep 
direct of the neuron doesnot ays match the animals decision on eat 
tat (@) The esrotion of tered step mas shown in (A) ustogran) art 
the astabutien over step times under the fed parameters (lack vse) 
(€) Te probaly tan up step for ach coherence Ene bs, 59% CIs 


ti fan moton ane ime rm sep (ns) 


Fig. 3. Stepping model captures LIP responses. (A) Populton average 
PSTHsoredby maton cherercecomuted tems trans (Left) Algned 
te matien onset ae sare by motion strength. (Me) Algned to stp 
tines infered under the stepaea made! ana sored by mation strrath 
(eg) Algnedtastep mes ard sertedby both motion strength aero 
Step drectin, Sule results from the stesang mode! (asehed nae) 
provide close match fo the real data under al ype of alignment and 


‘im sep 


ontionng, (8) Quartative mal comparison using DIC ees a superior 
tat the stepping madel over the ramping made! or the majorly af es 
(Glautat 40. ADC atference greater than “10 (gray regan) iscommonly 
Fagard as providing stiong suppor for one model ver the othe (22) 
We found substantially mare cells with trong evidence for stepping over 
ramping (25 cells versus 6 cll mean DIC atferance = 22 sgntast 
Peano) 


Independent of motion strong. Purthemare 
simulated spike responses, based on the fed 
Stepping models, resemble the wal data under 
oth hinds of ligament (dashed traces 
“Although these anaes provides visual co 

palling ustrstion ofthe plausbity of stepping 
dynamics in LIP, they do not by themselves dee 
‘nie ou the ramping model (sed 16 
‘Using or atnt variable mods, we xn formally 
sales this issue using statisti model com 
parson, Both models gies probaly dst 
‘on ove spike ais, nd the made that beter 
presents the data should place moe rely 
‘a over the observed spike tins. We com 
pared the model fits using the deviance lator 
‘ation criterion (DIC (6), whieh Integrates 


parameters given the data, thereby taking ino 
cco the uncertainty in the mode ft as well 
2 the numberof parameters in each model 

The stepping model provided a superior ac 
count of LIP responses for 7% (Moat of 40) of 
the ells compared to the ramping model (ig. 
8b, The stepping model therefore not nly c= 
unt or the ramplke act eserved In = 
raged LIP response, tits qualitative bly 
eve step times else by quai 
enon in counting for the satis stu 
{ureof spike tains fora mort of LIP neurons 
The superiority was supported net just by DIC 
Dt alsoby her model comparison metrics, ch 
as Bayes factors (SD. 

‘We subsequently examined how well the two 


(ver the enti posterior distribution of model | modele account forthe ie-varying mean and 
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Fig 4. Stepping model beter explains valance of responses and can be uted to decode choices. 
(A) Camparton of mel its to average popustion acti, srted by stimulus stength Mction eo 
heres and dion are ndeated by cla (a, ed ou). erage pk at (lop) ashe 
‘court vartane cota) tr the popustion gnedtomaton onset. The da ef} and musts fom 
tne sloping rode (ert) ard the dtsten-o-bosnd mode (igh) ts toa AO cals ar stow Sphe 
‘ates ad varances were calcd wth a 25-ns sang window. (B) Pepulsionsurage CP aged to 
‘Stns onset et) andaverageCPalanedo estimated ste mes (gh). Gray regan eeicates ean 
1SEM. CPs were eaeuated wth a sing 25ms Wen. Conventional alge suggest a rare 
‘hoes slectty, anche medal bie algnmant ses 2 apd raneton (6) Conventional CP base 
fon she counts usr responses 200 to 700 me after mation onset versus oda CP wing the 
probabaty of steno ta the upstate by the eof he same prod. Mod based CP s gener han 
Eorvertonal Pathe ppulaton (icon sired rank test P'= 005) Stepping model were using 
{old eossvaldaton. ror bar show mean +1 SE ef OP, ax comeuted on each traning data et 
Black pants wicate cals with signfeantdferences between modo-baed and conventonal CP 
(Giant est; P- 005) and.gray indestes ha cteences were not fin 


‘he ariance of neural responses Figure 4 shows 
the comparison forthe mean responses (top rom) 
nd varie (btm row) fr the data eo 
‘umn ppg model (ide column and ape 
Ing model (ght column), Although the mods 
were tt pedi the spike responses on each 
tral as opposed these summary statist, both 
‘models di an ccepabe job of aacounting for 
the mean response [action of vane In the 
STH explained: sepping A” = 0.94, eer 
Al interval (C1) (008,09; ramping = 07% 
95% Cl (O71, 079). This consistent with the 
long-standing dfeatyin dsingushng between 
these two mechanisms However, the stepping 
‘adel provided a more acurte ft he v= 
finee of neural responses (stepping f= 0, 
9% Cl (0.0, 04); amping f° = -048, 5% CL 
{0186-027} In particu, he stepping made 
‘aun the decreasing yranse seve als 
With stong negative metion much betioe than 
the ramping model (A similar result hel for es- 
times of lance ofthe underyingepke rte; 
seo ig St 

ually the teping model provides a plat 
form foe neural decoding, becuse the posterior 
isttbution ove the step canbe used fe read- 
ing out decisions from the spikes on a ingle 
taal We st quintfied decoding performance 
sng ee probity (CP), popular metric ar 
‘quntihing the relationship between chaice and 
spike nun. Aligned to motion onset, CP ewes 
ong nent with te (Fg 48 Ie). Hae 
vet the CP relive t the inferred step times 
(48, ght was consent wth an abrupt 
emergence of cokereited at, We then cu 
fed dasieal CP with a model-based CP mea 
ie, which assumed thatthe dlrestion of the 
‘neurons step predicted the animals choice. We 
teller thatthe model asf to the pie tains 
thou acessto the animalsebolos, The mde 
nse CP wason average pester than sical CP 
Indleating that the states estimated under the 
stepping model were mare informtiveabout the 
ima choice than ra spike counts (i 40) 

In conlusion, we have developed tractable, 
principled methods farting and comparing 
statisti modelsofsingleneuron pe transin 
‘which spike tates are governed hy alent sto- 
haste prosss We have applied these methods 
to detain te dynamics unde pera 
ty in area LIP Although neurons in this are 
have been largly assumed to exhibit ramping 
dani, reflecting the temporal accumulation 
ffeidence past ty modes of decsion making. 
‘tts model comparison suppotsan alterna 
te lypathes: LIP responses were beter d= 
serbed by random timed, diset steps between 
‘underving states (Ina supplementary analy, 
‘we examined data from a responsetie version 
the dts tsk nd found results consistent with 
the fae duration version this intial compar- 
son wil be suengthenal by extending te node 
fs to account for overlapping decison and 
‘motor events and appleaton toler data ets 
(fg. $25 to $25) (7) In dion to accounting 
Deter forthe dyuamls ofthe mean Oring ates, 
nl the stepping model accounts securely for 


the variance of neural responses Finally the 
timation of single-tialstep thes provides a 
‘vel view of choice elated eet revealing 
that choice corelated flacustons in response 
‘abo dominated by discrete spl djnaies. 
Although these res challenge te canonical 
perspective of LIP dynamics during dedion 
‘aking the aperoad lites new avenues cf 
Investigation. Ou analaes sugges that acum: 
luton may be implemented by stochasti tps, 
but simultaneous recordings of muliple neurons 
‘wl he require to investigate whether popla- 
on activity ramps or dscsetey tanstons be- 
‘ween states on sgl trial) population evel 
‘ramping could stil be implemented va step 
‘mes tha ary seras neurons, even onthe same 
‘aa Fortunately, the statistical teclgues re 
oted hte are salable to simultaneously r= 
onde samples of multiple neurons ad newer 
‘ecoeding teehnigues are string to yield these 
‘ulineuron data ses (1-20, Is als posse 
‘hat single neurons with ramping dyanies in 
plement evidence intgttion edsewhere in the 
bla and tat LIP neurons are pestdecsional or 
premotor indtore ofthe inary result of this 
computation. More generally, we believe that 
‘hese techniques wl ae broad appli for 
Sdenuihing ad interpreting the Intent factors 
‘gneming mulioraron spike responses, lowing 
for prac toss of the dynam governing 
‘sgt eomputations ia many brain ars. 
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PROTEIN STRUCTURE 


Crystal structure of a mycobacterial 
Insig homolog provides insight into 
how these sensors monitor sterol levels 


‘uobing Ken;"**" Xinhul Zhou,!**" Yuan He;'** Meng Ke," Jlanping Wu," 
laobul Liu,* Chuangye Yan," Visuan Wu," Xin Gong," Xiaoguang Le,’ 
S. Prank Yan,? Arun Radhakrishnan, Nleng Van} 


Insulininduced gene 1 (sig) and insig2 ae endoplasmic reticulum membrane-embeced 
sterol sensor that regulate the eallar accumulation of stro. Despite ther pnysiologcal 
importance, the structural information on Insigs remains limited. Here we report the 
high-resolution structures of MVINS, an Insig Homolog from Mycobacterium vanbaaleit 
[MVINS exists as a hometrimer. Each protomer comprises six transmembrane segments 
(TMs), with TMS and TMA contributing to homotrmerzation. The sk TMs enclose a 
shaped cavity that can accommodate a diacylglycerol molecule. A homelogy based 
structural model of human Insig2, together with biochemical characterizations, suggest 
‘that the central cavity of Insg-2 accommodates 25-hyaraxycholesterol, whereas TMS 
and TMé engage in Scap binding. These analyses provide an important framework for 
further functional and mechanistic understanding of insig proteins and the sterel 
regulatory element-binding protein pathway. 


holesterl homeostasis eset for hu- | ing lordensity Upoproteln receptor and 
‘man physiology. Aberrant cumulation | zymes for terol synthess (6-8), SRERP forms a 
‘fsteols eontbutes othe ination and | stuble complex with SREBP dleavageactivating 
progression of atherosclerosis that can | protein (Scap) though thelr respective C do- 

Head to eart atk and sake (PCa | mus (9-15). The complex Is anchored on the 
stro eels te monte by several membrane | endoplasmic reticulum (ER) through Interae- 
‘embedded proteins, induding insulin-induced | ons between the membranous domi of Sap 
tenet (sg) and Tnsgd which ae essential | and Insiga/-2 in stero-dependent mannet 
components ofthe sterol regulatory element- (14, 5, Upon eaesteroldepivation, Sea dis- 
binding protein SREBP) pathway that contols | sociates from Insig-/-2 and assoclates with 
fella lipid homeostsis through a fedback | COPIL which translocates the SREBP-Sesp com 
Inhibition mechanism (2-5. lec fom the ER tothe Gall (6,17. 1a the 
'SREHPs area fatlly of membrane-anchored | lumen of the Golg, SRERP is cleaved by the 
‘uanseripton factors that activate genes encod- | membrane-anchored ste protease (S1) and 
then by the intramembrane site protease (S2P) 

(a8 20), allowing ts soluble Nema ansexpe 


_Ba a alot at ie Be, Twn | So ce ann ener te ce ee 
lay. Scho Lie Sores. Seo at Mesere station (20-25. 

sciatinesy tg Et Te eegaraing | "Tnsg/-2 negatively regulate the cellular 
Ee re arenes wey Sere” | accumulation ofsterla mainly though te dir 
THE arg rite Eager, | feet fsa mally tong oder 


Bolg) Tepateletcs Fase arma feesth ne | Bjdroayehoesterl (25H), Insig-/-2 inhibit the 

Bost ce tx ofthe SRERP-Sap comps fm the Ek 
SORE cae ete tie ence preventing tanacinal action of 
ee Te Sst ete | gens fr cholesterol sei and uptake (2. 
Fee seat emo | Set, nyse repletion ls erate 
she mt erage the poten depradation machinery t quickly 
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Fig 1 The erysta structure of MVINS, a myeo- 
Dcterlal homolog of mammalian Insisprotens. 
(8) The aera structure af an MUN manamer 
Two perpendeularvews are shown Ie veveals a 
novel fo that maybe shared by al ns pect, 
(8) TML/THE ean be supermposs ta TMT 
{6 Tres ajacent Mins leases forma ham 
yal Thes 

ofthe over timer are shown, (D) Tha tener 
Intrtace te mediated eclusaly by hydraphete 
seuss on TMS a TMA. Ag an TAS was ma 
on TMA from te acre protomer Both ees 

edd (E) MINS sate slut Ws 
‘ype and cose led MMNSRT7C vee sect 
Size excsion cramatography. The peak tae 
tors were applets SDS-pehanyamae pelea. 
pores followed by Coomassie stalin. Al 
Structure tgures were prepared with PyMal (37), 


Fig. 2. Each MUINS protomer accom 
‘modates one DAG metecule (A) The 
[NWN protmer ences Vshapea 
{alee in Pybad, The Fo-Fe 

(8 Eaton det forthe bound DAG 
forthe bromne-derwed DAG melecule 
‘Shown magenta mesh cantowed 
38 Olle The aramsius Sgn for B 
‘Shown as glean mesh, coniowed at 
$35 (C) Over stncture of WINS 
band to BAG. The bromine (coor 
dark ed)-denve DAG = 
Spree. (D) Cooration of DAG by 
alr rescues MNS. The resides 
that are mycrogn bonded to DAG ae 
showin in tks, Hyrogen bods are 
"epresnted by red dashed ins. 


lestruct the ratesimiting -ydro4 met 
‘dutaycoenzjme A (HMG Ona) rae, sk 
{ng olsteral sys, 25,29. 

The mar pagers of the SREBP pty hase 
een enti for over a decade; however, the 
only structural information on membrane poe 
tein of this patnvay came om an archaeal or 
{holog of SP (27. No baer homelogs have 
‘ben dented for SREP, Seap, or HMG-CoA 
rdctase. Here we report the high-teslution 
‘ystal structures of myenbaceril homolog of 
nig rotins. Gide by 2 homologous sue 
‘ural adel ofa Ing, a number of 
dues that may coutrbute to Scap association 
tnd 25H binding were Kentied and biochem 
‘ally confined 

‘Using human Insig-or-2 asa query, BLAST 
searches against sequenced bacterial genomes 
led to the identification of one protela from 
Mycobacterium vanbaalendt PYR-. Tis ro- 
tein wich we named MINS, shares sequence 
‘denties of 29 and 26% with Insgel and 2, 
spectively (fi. and sequence slaty of 
{20% with both proteins. Using MINS as 
query, sc other proteins, al tam mycobacteria, 
‘were dete tg. $2). 

(ysal of MINS in space soup appeared 
‘several conditions unr diferent detergents 
tnd diffaced xrays beyond 20-8 resolution 


‘The intl pases were deriv tom mercury: 
sed singleyavelengt anomalous dispersion 
(MSAD) (ig SHA) The final some model af 
‘MuINS was refined to 19 A resolution (Fig 14, 
‘gS, and able S1, Consistent with the topo. 
login prediction for Insg--2 (24,25, MINS 
comprises ais transmembrane segments (TM), 
vith oth the S- and Cterial ete on the 
‘acl side of the membrane. Given the level 
ff sequence conservation, Hkly that al lsig 
tans exit the same fld as MINS. 

"TMI and-2, and TMS and, caches tthe 
smile and are ennected bya lang segment. The 
four TMs togetier frm a hlleal bundle that is 
ted eounterdoovse (Fig 1A. The eanneeting 
Sequoness between Tal and TM form a short 
strand, whieh wit the eneesponding stand 
5-8 cag the ety encased by the hla bun- 
‘done pps Se MINE ad TMT 
display an intemal pseudo twoinld symmetry 
rund an ais thats perpendilar tothe men 
brane plane and superimpose with root mean 
sue devin of Acre 6 Ch as (ig 1 
fd fig. S28) As found forthe corespanding 
segment inhuman ns the N- ad Cerna 
‘agents eoeeading 1 TMYTME an TINS 
sare considerate sequnee snus (ig 820, 

“Tere is one MvINS molecule in each as 
‘metic unit Baniaton ofthe esta lace ne 
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veals a bomotrimeric assembly inubing three 
neighboring smmety-relted moles (ig. 10 
fd fg S4A) The imei interface Is med 
‘exist tough an er Waal intraions be 
‘ween TAS of one poten and TM of the a 
owt protamer (Rg 0, 1D, To examine wher 
[BINS indeed ers as «bom in slat, 
we employed 2 aude band-medated cms 
linking sate 

‘Stuctural aaj showed tht Arg77 on TAS 
fone prctomer and Cit? on TMs ofthe ad- 
Jacent protone are both on the topline end 
ff the lit the Castors 67 Apart, ea 
targets fo dude hod formation Fg 1D) We 
gmetad a MINS variant (MVNSRTC) with 
{he mutation R77 and two additonal cysteines 
‘mutated tp alanine (CIBA/CIZTA). Upon induce 
‘om of dsude bond formation, MINS fmned 
stable homotrimer (ig $88) The Ally css 
linked MUINSAU7C and widsype MINS were 
sled at almost det volumes on se excl 
sion chromatography Fg 1. Sutra ear 
fctezations confirmed tht MNSIRT7C shows 
the same timer conomation athe wil 
(ig. SHC and tables. 

‘Wain ech MGINS protomer, an etended ex 
yi fred ty T4256 bela the pease 
[strands (ig 2A and fg. SSA). Moding shows 
‘hat alge (DAG) molecule wih to 


ig. 3. Structure guided detifeaton of tne- 
{bal resues it human Ing (A) Te 
comb expressed haan Ing? rats 
win the ranamenbrane doman of mouse Sean 
{nscap 760) ina 25H dependent manner The 
‘combinant grote of ng 2 and mSeap-THO 
tere overepressed in badows-fected St 
rls (8 Exomeaton of he provously Seti 
{inten ees us te et al mayo 
tan Consistent wth te renns reer 28) see 
fant masons FSA, G20, WAS, an OLA 
{edt loaf Scap eng even nthe presence 
1 2H (6 Kees of ana ing 
‘codes hat ae vee nthe 2340 epee 
Seep bg, The hee eclie As2/Gh/ 
Feta we uvarstcng esc TMG Se 
Scan deg ven ne sesnce of 25H neon 
ttt bette of lla Va wth Phe 
‘esd compl oration wh Sen Stown ere 
{erepesriaine eae ofa lent tvee open 
wg experments 
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Fig 4. ldentitation of residues involved in 25HC binding basedon the homologous modelof inslg:2.(A)deticston ting pocket raicue that 
‘may contrate to 25HC binding The pocket residues that are nthe vein of Phells were analyzed, Stale pont muaons G3OF,C70, or G2OOF resulted 
compromised miscsp-TMD bindingin the presence of SHC. Thase thee rsilues and PhellS ae postined ata smi helgt with the certral pocket of 
the structural mal of Ineg-2.(B) The measurement af rect ng between [H]2SHC and eiceated nig variant. The experiments ware partormed 
folowing the eetial protocol as reported previously (28). The data poms represent the average of auplete assay. 


‘Hecatbon aliphatic tals can be fed into the | with some minor shits. One notable diference | dmuption of complex formation, even in the 
‘shaped caviy. Inthe stcture of MVINS ex- | concerns the beginning of TM2. Inthe homok | presence of HC In contrast substiution ofthe 
‘util wih edbdeey.Navdnetivamine aside | ogous Ins? mode, TM begs at Sexe whch | fesdues Vall or Vall, which appear to m= 
(LOAO} two elongated stripe of electron density | adds seven extra amino acdsto the extended | date Intranoketlar iterations ith ajcent 
filing two arms ofthe Vshaped cavity became | Unker sequence preceding TM, as compared | Ts tad no effect on Sep aeation (Fg 30) 
‘leary isle aftr most amino ais Were mad- | tothe previous prediction (24) (fg Sa, Tal/ | These observations suggest that TMS and TMS 
fed (Fg 24, inset, These desis probably p= | 2/5/6 exhibit approximately 30% deny and. | of Insg:? contsbute to Sap binding 

‘seat ipate Ip or detergent molecules and | 50% smarty berween MMINS and Insig2 fg. | " Toidentfy additional residues for 25HC re- 


fecupy the DAGbinding site In the course af | S1).The degree of sequence similarity Is prob- | ogalon, we examined the pocket residues Fi 
[MINS overexpression and/or purifation. | ably sufient fr structural modeling of avar- | 4A and fig $7) Single polnt mutation of rest 

"Tolnvestiate whether MVIsS can acstamo- | lant and conserved residues on these five TMs | dues adecent to Phe, neuding GIOE, Cr, 
date « DAG moll, we smueszed a bromine | (30-35. ‘nd G200F, led to abelished or markedly de 


‘erved DAG, where the end methyl group ofthe | In Inig2, Pht i cra or the spice | creased complex formation in the presence of 
‘Set fy ag chan is substituted bya bromine | ogniion of SHC (24). PheltS i loated on the | 25H (Fg. 4A). These Ini variants showed 
(Qe) atm, and epeystalized it with MOINS pu- | easty-cnygside of TA nthe homaogous mod- | decreased aft with 25HC inthe dee bind- 
tied in Gymal7. he strctre yas determined | el of Ise (gS), suggesting thatthe een- | ingassay (24 (Pg 48). ys (TM) Csr CT), 
tt 21 A rssution (able 2) The Vsaped eee | al ety might ponte the accommodation foe | and Giy200 (TMG) are clustered together with 
‘ton densi, togster with the Br anomalous sg- | 25HC. The Ing residues Glasa/Tpis/Aspig | Phols (INS) within the central eaiy, endo 
‘al, unambiguously confined the presence af | mediate lntaarions with Sap but awe not xe | ing a rng st approximately midelgi acsoss 
DAG inthe eavity (Fi 2 (quled for 25HC binding (24) All tree resides | pid bayer. 

The bend group andthe Si tal are cord | are eae on the utsdesurfsce of TM inthe | Afr th ser of as pce rn man 
‘ated by residues fom TM/29/6 and the peri- | homologous mode of Ins stably postioned. | malian lls (7), their homologs have been 
las strands, whereas the S2 tal extends | to engage ote binding pares) ig SAC). Hew | identified in Schizosusharomcs pombe (34), 
{nto the lipid ayer trough the det between | ever the comsponding resducs of Gazz and | Sucharomyes cretiae (3), and lepers 
Tha and TMG (Fg- 20) The polar head af the | ‘THp45 on TMs of MINS ae lated in hmo- | jumiguzu (35) Despite the moderate Sequence 
DAG molecule seoardinated through hydrogen | trimerization, which may exciade its interac | homology between mummalian and yeast Inst 
bonds by fou residues case tothe perilasmie | ton with her protains. We thus examined the | protease ply ony 20 to 30% eth, they 
side: Asj25 and HS26 on TMI, Tyr28 on 6-2, | ollgomerzation stats of Insg2 Sze excusion | appear to exhibit funcional conservation (5) 
tnd Tyes0 on 9545 (Rg. 2D and fe S28). The | chromatography isconssten wi nse? eng | Therefore, the structural information reported 
‘ompltey ued Staph tal ssurounded | as a monomer in sluton; thus, TM of Insig? | bere fora myecbacteral homolog is eonssent 
ty dophoble residues mainly fom TAG and, | may be involved in heteoligomerzation wth | with structural and functional conservation of 
a lesser extent, fom TMI/23 (i S58). The | Seap (Ng 86D). Tnsig proteins during evolution (0g. $5). How 
aril bound Si2 aliphatic cain on the other | To esablish the stratursfuneton comelation, | eve, no homologs of SREBP, exp of HBIG-CoA 
hand sos cooled ya fe aminoacids, | we atfempied to reconstitute an asaysytens to | reductase have ben found in these myeabacte- 
sally mn TES ($50) fumine the cgsterubregulsed lntcton be- | as the pysotgical funcon ofthe bacteeal 
‘On the bass of MvINS structure and the se- | tween Ins? and Sap. Apulkdown asay showed | homaog remains question, 

‘quence sniarty between MuINS and human | 2sHC-dependent complex formation between 

Insg proteins (fig. SD), we generated a three: | Insig2 and Seap (Pg SA} Insg2 variants that 
<limensonal structural moda for the wansmen | each cary asingle pine uation of usa cpzza, | REFERENGES AND NOTES 
‘rane domain of Inge? using the progam | WHA or DHA faled to pull down Sep even | H.$ Sv 1 \Gao, See 28, 


‘MOE (20)As human Insig and Ini? share | in the presence of 25H (Fig. 8) (4). 2 Pe | Latino 


nee enya the ameter | Ung vase conning a singe pit | 2 ow enn et te 
fn we fc ee onthe ruc lof | mutton on Tab wee pert aa ha | | wane 
Inne (85, A and 8). The boundaries of | teow Sap wee rine Replcnant | * 1 fin Derr So. 


the TMs are largely consistent with the predic | ofthe outward protuding residues Ala, G17, | «Tsien  §.own. cea -72 
ton desived Som biochemical ants (24,26), | or His20 by atomate residues led to campo | «© atone ns i719) 
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HIVA ENVELOPE 


Effect of the cytoplasmic domain on 
antigenic characteristics of HIV-1 
envelope glycoprotein 


ta Chen," James M. Kovacs,"* Hangin Peng," Sophia its Volloch,* Slamming La, 
Donghjun Park," Hise Zablovsky;* lchael S. Seaman, ng Chen 


|Amajr goal for HIV vaccine developments the production ofan immunogen to mimic native, 
functional HIV envelope trimeric spikes (Er) on the Virion surface. Welack a reliable 
‘description of a native, functonal trimer, however, because of inherent instablity and 
heterogeneity in most preparations We describe here two conformationally homogeneous 
Ens derived from dificult to-neutralze primary slates. All ther non-neutralzing epitopes are 
fully concealed and independent oftheir proteolytic processing. Most broadly neutralzing 
antibodies (onAbs) recognize these native trimers. Truncation oftheir cytoplasmic tallhas tle 
effect on membrane fusion bt it diminishes binding to timer specific bnAbs wile 

fxposing non neutralizing epitopes. These results yield a more accurate antigens picture 

than hitherto possible ofa genuinely untiggered and functional HV Env; they can guide 
ttective vaccine development. 


141 envelope gheoprten (Env) fuses vie | ney leading wo confsing interpretations. For 
raland coll membvanes allowing entry of | instance, based an viureapeurng assis some 
the vis into hostels to inate infe- | groups coneade tht eran non-neutazng” 
tio. The ns polypeptide hain prods | including stain specie neutralizing) eptopes 
su precutsor gp6, which wimerzes to | are exposed onthe native, funtion En rine, 

(qp1eo) and then undergoes clasage into two whereas others bellow that there are both ne 

noncovalently asodsed fagmmens the reeptr- | tonal and nonfunctional Ems presen on the 

binding fgpnentzp20 and the fsion fragment | surface of infetous viral particles (10-1. Fur 
pit) Tee coples each of p20 and gpit_ | thermore, the weaved eetpdomain of wumerie 
fxm the mature envelope spike (20/4, | (p60), designated yo, often considered 

‘which sthemaor tl surface antigen and there: | to mimic the native sate of En. Recombinant 

fore eiteal target for vaceine development. | gpl trimers derived tom selected strains are 

{Gp120 binds to host primary receptor CDs and | stable and homogencous, wih ertain desired 

then to earerpior (8, CCRS or CXCK), tg- | antigenic properties (1418, but weeannot Mow 

ging luge conformational changes anda eas- | how eosely they resemble functonal and use 
fade of refolding events in gpst that lead to gered Ea spkes without a good nativeimer 

‘membrane fasion (2 3) (0 8 fefeence Ae these soluble spo twimers—all 

"The fare of monomeric 20 as avacine | with certain non-aeutalizing epltopes (eg, VI 
candite a large effin tral (5d the | lop) espased—relly the bt surmgate fr mae 

‘notion that an immunogen mimicking io native, | uve Env timer I ot, how ean we improve 

funetonal envelope timer wonld be needed to | the? Recent workon conformational dynamics 

Induce efeve, broadly neutralizing antibody | ofthe Eav spies on te virion surface suggests 

(boAD) responses by vaccination. fn parca, | that the nate mer wanstions among the 

Tbs [ease those recognising the membrane- | dstint prefs conformations (7). 1 thie i 

prima extemal gin (MPER) (65) were thought | true foe difeut-to-neutralze linia isolates, 

to bind only the untrggered native Eby wimer | hoes the funetonal timer iit aces tothe 

(P.Attemptstopraducesuch an Env preparation | non-neutalsing epitopes that overlap with the 

have met with only Limited sucess, 9) More- | funconaly important sites, such asthe CD 

over, we lack an accurate standard fora native, | binding site and the Vi lop? 

funcional rine Denuse ost Env preparations, | Weave previously screened many HIV pr 

both soluble and membrane-bound, inning | may ieiaes and dented wo dade A9AUGOST 

tose onthe surface of ineetous rions show | ard cade © CO7ZADI) that eld sable emo- 
considerable structural instability and heteroge- | geneous gpl trimers (6, 14) Theo Env have 
out 2% sequence identity, Tels divergence, 

Ta ae ween EEO ‘ypleal fr eros comparisons, samples & 

oe tai st ‘temen's Petar Nera | fangeof En dversy: Additional sable, clade 

(cSt 1b Sees Eston MAGEE UA” | trimers have slce been seported (18), but we 


‘Essai Wifi | have not Jet detected a clea “stall S- 


Vers Ratach eft Dermes eiettz, | SBR” Our previoasinernogpeicty dung 
{Eo Wore he Sen OE, ther p10 or 140 immunogen desved fom 
‘Corepnant aie Ema eeseebaratass | these CD ates fla to show any atalogous 


neutralizing antibody responses, although V3- | TZMChoe 2) completely bose ty T2004) | (no fsioncompetent (gpd) Binding of one 
specific antibodies were present in the sera of | (SA showed tht tee wee ful functional | neutrallng CDA (CD‘-iaduced) antibodies 17> 
{muunized animals (19,20) We surmised that | envelope wimers onthe ol sures About 0% | apd $12] was Ikewise independent ofthe cleat 
the nop-neutaling VS epltopes must na be ex- | of gi60s were cleaved ino gp120 and gps, bots | age but completely dependent an CD engage- 
posed on te native Env wimers ofthese stain, | Inside the cel and on the cell suaces(ag'SSB). | men. Another non-neuvaliing CDs anthow, 
despite their seoesiilty on the cosesponding | We analyed antibody binding to eelesurtace | Az fled to ind these Es unde any éitcun 
toluble gpuio trimers (2) Indeed, V3 accessibe | Envy fuorescenceacthtedcellsortng(FACS) | stances, The trimer specie abe recognized 
fy Is the ane antigenic characteristic of the | assay (sce table 1 foe antibodies used andre | only the native unteiggeed En sme wih high 
Stable uneleaved gpi40s (14) and ofthe BG505 | erences) (2. Anubody 2G, which recognizes 2 | afiniy, but not the CDs-bound fom (Fig, 
SOSIP.i6 timer (5,27, 22) that doesnot cor | geandependent epitope on ypi2, bound the | SEA, and table $2). Another two bnAbs, PET2S| 
relate with neutalvation. The Vi loop Is only | cell-surface Eav equally well with and without | andi107s, which age a yea-dependent ep 
slighty exposed in the dsulidestabiizedSOsIP | CDs indcatingnosigifcant CDtinducedgpi20 | top inthe VSstem, also bound the nae Ev bat 
‘ssa structure (2), but the molecule in sc- | shedding Fg and fy S$). CDs bindings (bs) | not the CD-ganded fom, 
ton presumably visits wider range of con- | bndbsall bound theclbsufuc Env ght con- | Non-neuralaing epltopes, incuding V3 lop 
formations when not bound by one oF mere | stent with their neutalzaton potency; soluble | (S70 and 190), V2 (258), wp duster epitopas 
conformstionspeic antibod, as In erstal | CDetectvely competed with llofthem Fig.1, | (246-D, 240-D, and 782) and gps cster I ep 
tnd eogenie electron microscopy strictures. | figs SoA and SH and table S2).A CDabs ante | topes (281 and 167) wore iacessibe on the 
"Totudy the antigenic characteriisof intact, | body, bth does nt neutalize the two slates | cllusface rine (Fig Tan fi SA, expaning 
native Env trimers, we generated 203 eel | used ery, showed no binding tall suggesting | why these abodes do not neural. The © 
{nes subi tne withether soUGOH78 or | tha is epitope Is acessble on bth desved | duson was independent afd deaage between 
(CoT2Aor p60 (gS) Eidentfuson with | (ison-simpetend (gp!20/sp41),and undeaved | gpI20 and gps as 30% ofthe Env on the cl 
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surfaces ema uncles (gS) Upon CD 
binding. the V3 loop, the cluster 1 epitope, and 
(Qo lesser extent) the V2 lop all became > 
‘esl. Ths the antes recognirng these 
epitopes might be better categorized as CDM 
fntidies, MPER directed bnAbe did aot bind 
‘he En trimer, consistent with our previous Work 
showing thatthe target fsinn-intermediate 
‘snkamutin of pat (62,25) Iolate 20S 
‘esiss neuvalizaion by to antibodies, PGTISL 
nd 152, wt epitopes at the gpia0-gpH intr 
face; these anttodles deed fl to id native 
ay timers (fg SSA and table $2). Two other 
Interfa-drected baa (27) bound only weakly 
(SA). These results are reproducle under 
‘ierent conditions (2). tn summary, al he Ea 
‘emer, doaed ar undensed,on the eal sues 
adopted define, homogenoous conformation 
(small range of conformations) that was eng 
‘lad by baa ony and not ban ofthe nose 
‘eutraling antbdis ested. 


“These cell-surface En trimers ave antigenic 
properties tinct from thse af the corespond- 
Ing gp} wimers (2,20, which lack the ear 
plas (CT) and the transmembrane sees 
(IM), Does the CT influence the antigenic of 
the ectodomain? We produc a stable line ex- 
prssingthe vaGus7a gpiso with the ene CT 
loltd (a form designated spi604CT) and re 
lad a His tag ($2) This ell neal 
fen used with TZMLD| cel (fg $94), The 
fexpression lee of sp604CT was much higher 
than that of Intact gpt6o (Fig. 2), a reported 
previously (29)-As with the gp160 cll ine, bot 
fSleaved and uneleved gpI60ACT trimers were 
present on the cell surtice (Big 0), but with 2 
Shuler propaion of dated mikes IGa4CT 
Without the His tag showed the sae extent of 
‘eave asi ntact 160 (Big S10 

Rinding of G12 to gpi6uaCT was unafected 
by CDs, ndesting no significant CDtinduced 
DID sheng (Re ad gS). Cb Baas 


bound gp16aCT as tightly they dl intact 
p60, but the non-neutasng antibody, b 
Abo bound detectably to gp160SCT (Fg. and 
fig STZA and $13), suggesting that the CD4 is 
‘Smoreexposed when the CT idle, Te CD. 
bis, 17 and #14, alo showed weak, but 
‘detctable, binding to gps0SCT, whereas bind- 
Ingby the wimerspecide baAs wassigaicanty 
reduced when normalized bythe Ev expression 
level The non-seutallaing VS and V2 eptopes 
‘were much more exposed and less dependent on 
(Cs binding or eeconiion by antibody pas 
‘eu the V3 antibody 7 blocked ele ie 
lon medted by p150SCT but not by xp160 
(i. St) inaicatng that removal of the CT ean 
‘poset Viloop ona functional fasgec) 
trimer, PGTIS binding to gpi60acT likewise 
‘depended lesson CDs and 1007 beame totale 
Ty CDtindependent (Pu. 2 and fa S124) In 
audition, although the MPER epitopes and the 
‘luster epitopes rrmaned Inaceesible, the 
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(7120, gpl60-CTB0,gpl60-CT60,gol60-C730,gpi6O-AC,gpl40-TMla, goVlOFL20-TM, gplAOFL20- 
Ti, and gp140-GP-Eptopes targeted bythe antbodes nlude COs, CDS bncng ste, CDA, 
(CDA induces: V1V2+6. the VIV2 loop and leans: V3sG, the V lop and gheans: MPER: membrane 
Prokms! externa region: and gpl. cluster! and cite , nding index fs normaled by VRCOL 
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fcul-to-neutraes isolates with 
no autlogaus neutralzng responses 
52160 (this study) 


imple rutations 
‘Greughout Env 
ct medieations 


‘majority of seater 
g160-CT (this stuay) 


simmple mutations 
oT modticattons Ne throughout Env 


laboratorysadapted strains with 
strong autalogous reutralzng essonses 


Dl6OACT Chis stucy) 


neutralization resistance 


‘exposure of nonneuttalizng or svain-specife neuiralzing eprops 

Fig. 4. A proposed relationship among al HIV2 isolates based on tel Env properties Ou p60 
and apI60-ACT may represent Ens ofthe deulttoceutraize primary ates tat caret ice 
Autlggous neta artsy responses andthe ens o-nearalae. bortery-sapted stains that 
induce strong autogo.s seuvalong sponses, respectively Other slates (ot irmedatesuscpt- 
bly tonetralaston) may adopt tetmecat cortrmations, Ihe those of ou pata Yunested pol 
CT eansrucs. fw mutations can easly convert ne farm ita another, perhaps even within  segle 
pln and hus an elective vaccine may mead protect agains the vse deatibed nb 
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‘on-neutalzing cluster 1 pitopes were exposed 
‘em in the abvence of CDs, Both Histageed and 
nontaged IBnACT constructs alms Me 
‘i antigen profes despite the diferent extant 
of lsiage (ge, S120 and S15), suggesting that 
the cleavage between p20 and pst does not 
have a major effect on the trimer antigen: 
(Overall these dit ade thatthe CT bas tla 
faa effect on the membrane fslon futon of 
the Env timer but tha thas an unexpectedly 
large inluner onthe antigenic properties of the 
setodomsaln on the oter side of the membrane 
(table 82) Thus, the membranesionespacty 
ffan Env wine does no depend ons ete 
on ofnstive antigen: characterities The same 
‘enlision ca he dwn frm compton of a 
‘ater pair of geo and spI604CT, derived fom 
‘he alte C7240 is. S16, SHS and Ss). 

"We estruced fou elton man =p160- 
(chan pian Co, isc and gp. CTIO— 
With dually decreasing CT lengts (gs 52 
fd 10) Alltese deletion constructs were ae 
‘onal in a celle fislon assy, bt sorting 
the CT led to dnaised binding by the timer 
secs and inseasag exposure athe non- 
eutalzng epitopes (Pi. 3; St, Ato Dad 
figs S20 to $2). Invodcng ether modes 
(G0) (hg 52 previously assumed tobe “harmless, 
‘used eve eter tng in anigeiy. These 
fonstrucs were all nonfunetional Pg 9) a we 
ket mc eter exposure nomena 
pitopesindng thse ob, 1, A, 2158, 37, 
fd 2462. Binding tothe timerspedie bats, 
‘PGisand PCTS, was completly ost Fig 5 
Si, Eo H: and fig. $24 to S27). The MPER and 
laser I epitopes remained concealed even in 
these nonfncona Ens 

‘Our rent demonstrate that «native Ey te 
mer an indeed adopt defined an homogeneous 
fenirmational state without contamination by 
ny lela forms of Ey (1). Ts nate, use 
{rggeed conformation seems tobe independent 
taf the cleavage between gp120 and gp. It is 
particularly surprising thatthe Env CT has 
[ange effact nthe antigenicity ofthe ectodomain 
‘onthe other side ofthe brane. Varo p60 
‘ACT const, fen with an inreased ye, 
te sill widely considered to be faith sst= 
‘utes for the length p60, despite published 
fidenee suggesting thatthe CT may influence 
fpatope exposure (2) Our mslts demonstrate 
that truncation ofthe CT affects the antigenic 
thaniteristes ofthe native Env trimer, even in 
the absenee of the matrix protein, but no its 
fusogenicity. Thus, “functional” En may not 
havea uly “ative antigenle sure defined by 
‘neutalzatio),beeauseeven a fisionenmpetent 
ny timer ean expose now-neutralzingeptopes 
(g.3) Those apparel “baraes* modiatons, 
seh as CT deleton—an approach widely used in 
‘arious vaceine strategies o enhance Env yield 
and/or stahlty—ean have strong eect on 
tomer structure, antigenicity, and potentially 
lmunogeniiy. 

‘Stainspecific neutralizing epitopes, such as 
tne VS lonp and the VIV2 Toop, are well pro 
tected on the native trimer derived from the 


‘han-o-neutalie strains we have sue, ex 
plaining why't isdifieult to induce autologous 
Deutralleing antibody responses aginst such 
[sols The antigenic properties of p60 and 
pI60-ACT may represent, respective tase of 
the extreme cases ofthe diffcultoneutalze 
primary isolate that cannot induce autologous 
eutalsing sponses and the ensytonetrale, 
Jnboratary-adapted stain that induce strong 
autclogous responses, whereas other isolates 
(of intermediate suscepti to netealation) 
‘nay adopt eonformations in besten, lke those 


oh 


Dur partly truncated gpI60-CT constructs 


(fig. 4A few muutons wihia the entire gp 
sequen ean convert ane orn into anther, per- 
‘haps even within singe patent just as primary 
and aberatradapted simian HIV or HIV oe 
Joes nteronvert during in vitro and in vio ps 
sages (2 $9 Iteconversin this alos avs in 
2 los relatl swarm of virus to sample, at 2 
Population lev, a much greater dynamic range 
{han prevbasy appressed (7 nan info 
Individual mamune pressure might ve any par 
fleur sole to eave ata one that i dca 
eutalie and dows not induce autolgins ne 
‘ulang responses (Fg). Such viwses substan 
tilly ase te ari to vase development 


Im summary, the dats presented here pant 


‘more aceurate antigen peture than hort 
vallale of genuinely native and functional 
IVA envelope spike frm dlnieally relevant 
‘ruse. They provide an excellent reference for 


Studles on the prefusioneonformation of HIV 


{Ene timers and serve as uldes fr asessing 
‘how wel potential immunogens mile wnative 
vil spike 
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VESICULAR TRANSPORT 


A structure of the COPI coat and the 
role of coat proteins in membrane 
vesicle assembly 


5.0, Dodonova,’ P. Dlestelhoeter-Racher;*A. vu Appen! W. J. H. Hagen, B. Beks* 
IM. Heck F, Wleland,*J.A.G. Briggs!" 


“Transport of material within cells is mediated by trafficking vesicles that bud from one 
callular compartment and fuse with anather. Formation of trafficking vesicle is driven by 
‘membrane coats that localize cargo and polymerize into cages to bend the membrane. 
Iithough extensive structural information fs avalable for components ofthese costs the 
heterogeneity of trafficking vesicles has prevented an understanding of how complete 
‘membrane coats assemble on the membrane, We combined eryo-electron tomography, 
Subtomogram averaging, and cross inking mass spectrometry to derive a complete madl 
ofthe assembled coat protein complex | (COP) coat invelved in trafic etween the Gols 
and the endoplasmic reticulum. The highly interconnected COPI coat structure 
contradicted the current "adapior-and-cage" understanding of coated vesicle formation. 
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and p-00P (or COPD)—consstof Nerina | uler pore is thought to represent an ances- | polymerization ofthe clathvin and COPIL coats 
propellers fllawed by extended solenoids (7. | tal module invuved in membrane bending (7). | to form symmetrical eages whose suuetures have 
This “protcoatomer” mi also fund in the | Interactions between solenoids contbute to | teen solved by eyo-electon microscopy and 


A B 


Fig. 2. COP coat structure (A) Ezctron mer 
‘gaphotnvivo-forned CPt coated esl Sele 
ba 100 em. (B) EM reconstruction of he trad at 
13 Arasolten,colered trom gree to bls accra 
Ing tot ral cetancs rm the mentrane ed). 
() Regreseratione of complete COPt-oste ve 
lees The membrane is shown in gay Denes of 
Intertiod nkages are cold pink), crnge (0. 
Yellow (area (VS), 
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Fig. 2. Global tting of COP! exystal structures. (A) Ftirg resus fo ghw-OCP (PDE I SVK. COP i it ba. COP n dk) Ay onl ha 
een the second propa ant f-COP teen na: COP le mared whack aro. (8) ing ens y<-COP PDB DTH Af y OOP 
inlgr geen. COP nto Lf rts Helga of roscoe vales resting or 10000 ft experiment (Chea gba seach Geen ara mak 
‘henghestscome tes postons lsat nthe ng pars. clin deat obsarved when re -COP N torus Manga aed 6 show (5). 


inglepartide analysis (8 9) In COPL, p-COP | blockofthe coat sated ofcoatomers that are | asymmetric uns ofthe semble ot ham 165 
(Gogeter with part af«-COF) ean be systalizet | Unked together with contac ofvarabe valence. | vesicles and nearcomplte buds contributed to 
to fom a wishlian-kestracture (10) tht has | However theanangement ofthe pots wi | the final siuctre. 
ten proponed to forma polygonal eae Fuster | the asembld coat remains uncle Subtomogramn averaging also detemuins the 
slmlites between enusarefoundintheadap- | To detenmine a complete molecular modet | positions and orientations ofthe triads an each 
torcomponents TheaPland AP2dathrinadap- | of the COPI cost, COPI-cotted vesicles were | Yelde As pesiouly observed the trade adopted 
tors are homologs ofthe tetramere subcomplex | produced in toby incubsing gantunlaellar | prefered relive orentaton (1), Fllowing the 
‘of COPL yS{HSCOP (2-19) These cbevations | vesicles with eaatomer, the GTPase Arf, the | approtch described in (19, we generated recone 
‘makeitreasonabeto pred thatthe assembled | guanine exchange factor ARNO, and guanosine | stctions ofthe linkages between tad ae 
(COPI coat can also be functionally subdlvided | 5:04s'ahiawiphasphate) (1. Thesample was | olutions beeen 15 to 25 A (fi SC to) By 
{nto adaptor and eage ‘sid by plngeeeing and imaged by co | combining these with the structure of the tad, 
‘Suc bing ofhetemgeneos membrane | elton tomography (Pig. 14). ighty-two tomo- | se coud visualize the overall rangement ofthe 
continingsytensischalenglng Thestrctures | gram were caleted undercoaditoxs optimized | coat on indidual vslles (Fg 10. 
ff dathrin and adaptors have not been resaved | for hlgh-esolution structure determination (7). | — To interpret the reconstruction, we asigned 
{ogetberan menbrines (4) version struc | Todeteraine the suctre ofthe reposting buld- | the postions of the individu poten compo- 
tural dats have been obtained desing the | ing Bock ofthe coat the wad the dataset was | nents within the dens: Crystal structures are 
(COPH coat asmbled on membranes: The sap- | split into two haves, each of which was inde- | avalable fr e-COP bound to the Cteminal do- 
tor subunks cont the membrane and are inked | pendently subjeted to subomogram averaging | min of -COP U0, 20, f-COP bound toapart of 
‘etl to the outer sabunits tat form a cage | (7. Souctures fom the two hal data sets were | o-COP (10), and fora complex Arf-OOP (ha. 
sound the membrane (5)‘Thesuucture ofthe | compared to determine the resolution and at- | $2) (2) AL the resluton obtained, global 
(COP! cat on budded coated vesicles hts been | erage to gives final structure wth resolution | ting ofthe cyt strates into the eleczon 
Aeseribed at low resolution (16, The bullding | ofA ig Wand fg St) 18). Atal at 9.358 | microscopy (EM) density allowed us to dent 


Fig. 5 Molecular architecture of the COPI coat. Cur Scheme membrane 
ay Ate COP ight ree COP dark gree COR yell COR orange 
COP ight ba COP dark blue «COP cyan. (A) Final mec at fenble 
fing oferystal structures (colored) nto EM deny (varsparet)(B) Crystal 
structures Puaated as cored osrfces titeed to 12 Aesoluton(C) As 
metre unt of the coat one enstomer acl two Atl melecies.(B) Membrane. 
associate domans tom a cued suane devas (32) ate not cose. S7)-(E) ae COP frm an arclke ime The Nterenal reper 
Sama contangcago‘ndrg ses erage), cortact the martyane (F)-£$ COP forms hyper open aie dimer The Av terme (dust cy 
hele) contact the membrane COP apereaces tne mertrane cosy whereas is homlog COP futher aay hich content with the oe of 
{POOP n beaing the cytoplasmic tls of ld poten a urction tht COP las (2), (@) Srctre model ofan ope frm eaten adapter fr comparson 
Teed an POS ID HAY ar the yA interface (PDB ID 3112) (H) Hustratve mde ot a complete COP-coated vase showing stuctes (clr) and EM 
Sens (vansparen) () Equvalnt srtace mode 35 nO) 
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‘the possible positions of each structure within 
‘themap (Rg 2and 85) (8), Notethata-and 
COP ave structural homologs (20), a8 2 
{*S:COP and #4-COP (1, In these eases, as ex 
ected, two pastons Were Mentied ig 2) that 
could be assigned othe erect homlog on the 
bhai of ehtractevetie structural features and 
Imbel experiments ig 4) (28) Three regions 
‘of EM densty were no oncupled by the core 
domains of the wi-eCOP or 7-<B0OP sub- 
‘complees (Re SIC). These densities most ely 
fospond to the sppendage (xt) domains of 
SHCDP (2) and COP and the yrhamalogy de 
tain of COP. 

To further validate the arrangement ofthe 
core domains determined by fing and labeling, 
‘ve applied chemical eroseinking to i vito 
assembled COPI vesicles, flowed by digestion 
fd mass speetromcuy. Twenty pausing 
residues were sufietly cae together within 
the assembled stricture tobe cosenkad (22) 
(ale 81. We then generated multiple arma 
tive structural models forthe arrangement of 
‘sue and sppendage domains and measured the 
Separation a the ersslinked sine pas in ach 
‘model (gs. $5 and $6) (8). The model most 
onssent withthe ertselinking data mathe 
the wangement of coe domains determined 
‘nom tag and labeling and allowed the appen- 
lage domains and 8 s-bomology domain to be 
signed tthe unoecapied dents. 

‘We generated anal structural model Fg. 3 
and movie 1 by placing svallable esta su 
{ures or homology models of the eat subualts 
atthe postions determined above and pes 
forming flexible ting into the EMC density 
(fg 868) (18. The structures consistent with 
svallale Biochemical data: The curved trad 
Structure positions the Arf molecules and ear 
‘so binding sts proximal the membrane (Fs 
SD anu fig $7) Arf is accesible for ANAP 
binding (fi, S7D),and binding sites for tether 
{ng proteins are on the ouside ofthe cost ( 
88, tn D), The arrangement of COPL compar 
‘ents within he structure suggests that it ea 
‘ot be funetionaly subdivided ito outer eoat 
fd adaptor 

and OOP inert va he interface dsb 
{thera straeture Protein Data Bank iden 
tigction number (FDI ID) SMKQ, but they do 


fnenting thelr Nerminal 3 propels such that 
the KECK cargomotf nding sites Lys: 
X;any amin se) (24,25) ae optimally pos 
‘one gaint the membrane (Fg. 38) 

COP donot form a eage a ate asin COP 
nd atv coats: instead they are linked tone 
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nother ia the 7-00? subeompleses fom 
Ing an interconnected asembiy. 

‘he eatin adaptors AP2 and APIIave each 
been ersulized Ina closed form (thought 0 
represent the eyoplasmic conformation) and 
fn open form in which cago binding sites are 
scessile (thought to represent the membrane= 
‘sorted conformation) (26-20) We found the 
‘Mapavke 46-00? subsomplecof COP Cg. 
SF) whe mor ended tian either of the con- 
formations: appears as a“hyper-open form 
(compare Fig. 3, Fand €)- Biochemical experi 
‘ments plat tn conformational opening of eo 
tomer by ligand binding (30,32, suggesting 
‘hat the transition to thebyper-apon form oes 
‘pon membrane ascclaton. We pecate that, 
‘upon membrane binding clathrin APs may also 
‘uanstion toa form that is more open that re- 
dicted from the available etal suuetures 
‘helype-open form, the and y-COP a solenokls 
forma ach that bound tothe membrane at 
each end vit an interaction oftheir respective 
{hunk dons wth rf This arrangement n- 
(es the arrangement of the or COF autor 
(Mig 3, Eand F): Hoth outer-cat-ke and adape 
tore subeomplexes frm extended w-solenold 
‘sts inked a each end tothe membrane. 

‘The esended solenoids the coats of COP, 
CCoPI, and eatin oigomerize very dftrently 
(fg. $0), but in all eases they function as ex- 
tended spacers that dst earg>-binding or 
‘membranebendng dann eth cared men 
brane surice wi esting the surface ares. 
‘Wersugges that hic rather than cage formation, 
'sthe ancestral function of prtocostamers 

‘he trad are couneted by feihiy anached 
domains One sto interactions formed the 
tehomolgy domain of &-COP (OS) and an- 
fther by «-COP and the Cterminal dain of 
‘COP. In some positions, -COP forms 4 home 
‘diner intertace observed in area fom PDE 
1D AMR) (10; In other postions, bridges 
the C-terminal and eore domains of «COP 
(fg. 8). 

"he structural shdel of the asenbied cst 
consistent witha model kn which Joa! met 
Tine curvature is Yoduced partly by men 
brane seffolding by the eurved triad structure 
nd paryby insertion of sx Arf amphipathic 
hats) 7 and mae S2)-Linking ids 
together via Mexbly atached domains would 
propagate ths local euratue oer lage mer 
Frame areas to form buds (fg $0) 
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epitope binning 
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ta un and get 


bins or bindin 


Lucy gets aut ofthe lab m 


‘often nay 
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Science 


DOES YOUR LAB SEEK TO 
UNDERSTAND MECHANISMS 
OF DRUG RESISTANCE 
OR DISEASE PATHOLOGY? 


- 


YOU ARE WATCHING THIS BEAUTIFUL ECOSYST! 


€ DEGRADED BY CLIMATE CHANGE OR KUMAR 


INTERACTION ... THEN YOU SORT OF PULL UP YOUR SOCKS AND 


SEE WHAT YOU 


Do. 


Every scientist 
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LIFE SCIENCE TECHNOLOGIES 


NEW PRODUCTS. 


Multimode Microplate Reader 
‘Anji multmode meropae vader 

‘th highly titve sotware cetvers 
‘tomated and verse urctonsy 

to bisclence reaarchers performing @ 
vary of mcroplte assays. The Va 
‘shan LUX muted miropate read 
‘thew Sant Software signed 
Sires daa sequiston and analysand 
‘rotate constancy analy 6 
‘580 results With advancements nid 
ag negated sat canto tzcnology 
‘nd automatic dynam ange section. 
‘he Vovloskan LUX is designed to simply 
Sup wae optimizing primate 
‘dee excptonal usabaty sn data 
‘olay. Varaskan LUX is equipped 

‘oth smart sat conto to ha kee 
‘search on ack, Tas echeatoges 
Dude automate pate check butin 
shaker speed conto na eutomaic 
ime check and postin sensors fo the 
Dutin dspensars, which ae designed io 
“ey and tly he use of potatia 
‘ors that could compromise esearch. The 
‘Scat software manors and captures, 
‘measurement data thoughout he rn 
{reduce the ik of wasting expen 
reagents, samples, ad tine 

“Therm Fisher Scietiio: 


ungua land ot pte 


fd ear ecu 


[Animal/Xena-Free Enzym Raster Scaming, hese 
Severe ae Carn 

Feaes TY 872 and Neue Protease 
(Dispas) are now aesabl. Al are crt 
fed AnimatXane Hee (AF sn designed 
1 minimize petertal BSE/TSE (pn) 
simal-soureed enzymes or primary and 
Stem cot olson, boprocessing, and 
‘ober bop lated appieation. The 
‘se a ara ree enzymes eliminates 
any ofthe quay and equsery sues 
{nd concur easel with enzymes 


Metron 


Handheld Raman Analyzer 
‘ha nw Metro Itant Raa Ane 
Iya ie) ngs an werease el of 
Conia o dentition, sersering, 


‘iguatons. Mea inogratas scale at 
tl hasos of tne manufacturing process. 
aminting the nota fr same anster 


‘Seting, Mia brings he analyst the 
Sample fering a substantial reduc 
ly erease wen compared to b-based 
‘nayals. nmovave sampling acces 
‘eras wth Bult system ntsgancs 


Dy operas wih ited spectroscopy 


rents powde users wih the most repeat 
ble measurements posse Ma ols 


Raman anal, providing pressorbied 
Indust spect teais of compounds, 
‘he aly fo measire and ator uae 
specie sampes fr ter anys or 
package allows assembly af hae custom 


Liquid Handling Syringe Pump 
‘Tha new Peesion Synge Orve 
(S00) a compact. tul-nalght pao 
for preckion aoperaing of smal to lage 
‘anes The Harotan PSO the 
ewes fu-hight sytnge pump oon 
Harraton PSD fam, an prtors 
al standard iq nsntng tunctone 
Ineusing lspensig, seal aspenaig, 
and lang, The PSDVG ots the gost 
Tange a compatine syringes ses and 
Ie the most compact ucealght pune. 
‘valle Ean fow sabi ad 
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Will you be 
meeting a Nobel 


Prize winner this 
Decenaber? 


TE PRD you 


Stockholm in the second week of December is a special place. The city is alive 
with excitement as it welcomes and celebrates the new Nobel Laureates at the 
annual Nobel Prize ceremony. 


I you are a PhO student, you could be here too - meeting a Nobel Laureate and 
receiving a rather special prize yourself, 


The journal Se lfeLah have established Th & ScibifeLab Prize 


sich and suppore you 


Young Scientia, reward excellen 


uebright mi 


scientists a the treo their caress, I Jo ideas and brighe uur, 


ur winners wil he selec for this international award. They will have their esays published 


and share a new total of 60,000 USD in prize money. The 


er, and take pare in a unique 
ie Bild 


~Dr, Dan Dominissini, 2014 Prize Winner 


Who knows, The Science & SciLifeLa 
ping stone in your career and hopefully ane day, during Nobel week, you could be vis 


Prize for Young Sclentists could be a major 


holm in Dece 


“The 2015 Prize is now open. The deadline for submissions is August 1, 2015 
Ente today: ww.ciencemag.ory/scilflabprize 

“The 2015 Prize categories are: 

+ Call and Molecular Bio 
+E 


+ Genomics and Proteomics 


y and Environment 


+ “Teanslational Medicine 
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Do You Suffer from 
Panel Envy? 


EXPLORE NOW 
PD rnisystems com/400PIex 
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ScienceCareers 


Learn more and 


conduct your job search 
the easy way. 


© Search thousands of job postings 
‘© Create job alerts based on your criteria 

© Get career advice from our Career Forum experts 

© Download career advice articles and webinars 

‘© Complete an individual development plan at “myiDP” 


‘Target your job search using relevant resources 
on ScienceCareers.org. 
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Immunology 
UNIVERSITY OF TORONTO 
DEPARTMENT OF IMMUNOLOGY TENURE STREAM POSITION 
‘Assistant Professor - 1500674 


Fetes hpi ioe cane totem Serene Allein as 


Inattute of 
S * < Technology 
Assistant Professor: Fish/Shollfish Immunology 


The USM iran Equa 0 
alimore ion EgealOpporton Atirmatve ttionB 


UCSan Diego 


Your 

career 
is our 
cause. 


ScienceCareers.org 
+ Job Postings 


+ Job Alerts 
+ Resume/CV 
Database 


+ Career Advice 
+ Career Forum 


ScienceCareers 
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UCDAVIS 


SCHOOL or MEDICINE 
FACULTY POSITION 
Department of Medical Microbiology and immunology 


Committee of NIPERS - Mahal, 
‘Guwahati, Hajipur, Hyderabad, 
Kolkata, & Raebarell under the Chairmanship 
of Secretary, Department of Pharmaceuticals, 
‘Government of India 


“ad No. NIPERAIRIDHO7IZ05) 
Date of publication: 07.07.2015 Last Date: 31.07.2015 
National Ittutes of Pharmaceutical Education & Research 
(NIPERs) under te aegie of Minty of Chemica & Ferizers 
Departnent of Pharmaceuticals ara insttuions of National 
Importance created by an Act of Pariamont with a mandate to 
rnuttue and promote qualty and excellence in Pharmaceutical 
fducaton ang research se to create human resource of & 
higher care forthe Ineian Pharmacoutical Inst, towards 
‘making aia global leador in novation ang Drag Discovery 
while continue to offer leadorshsin formulations, The NIPERS: 
‘Guwahati, Hajpur, Hyderabao, & Raebare are setup during 
2007-08 and are functioning under premier mentor introns 
and are being dovsieped as mdeperdent nsttsions soon. The 
NIPER, SAS Nagar (onal) shavings own campus, 
Now appleations are vied forthe post of Director of these 
NIPERs, Details wih regard to eligbily. salary, appication 
format, ole are avaiable on websites of Deparment of 
Pharmaceuticals, Minletty of Chomicals & Fertizors 
(eww: pharmaceutials.gov.in) and NIPERE, 
“The application in preserved formatisrequredta be senton or 
belore the last date oy hard copy to "The Fagisrar, NIPER, 
Ahmedabad co V Patel PERD Centra, SG Highway, Thal 
Armedabad, Gujarat-380054° and electronically to. the 
email: scs¢:niper@govin.Emailcopy is mandatory 
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Careers wes Jae 


Postdoc Careers 
August 28, 2015 


serve space by August 11 


Forrecruitment in science, there's only one 


This feature helps postdocs transition from one discipline or 
department to anather. Topics include strategies for making such 
changes and discussions about the advantages/disadvantages of 
changing directions. 


What makes Science the best choice for recruiting? 
Read and respected by 570,400 readers around the globe 
78% of readers read Science more often than any ather journal 
Your ad sits on specially labeled pages to draw attention tothe ad 
Your ad dollars support AAAS and its programs, which strengthens 
the global scientific community 

Why choose this postdoc feature for your advertisement? 
Relevant ads in the career section with special pastdac banner 


67% of our weekly readers are Ph.Ds. 


Expand your exposure. Post your print ad online to benefit from: 
Link on the job board homepage directly to postdoc opportunities 


Dedicated landing page for postdac opportunities. 
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UNIVERSITY OF ILLINOIS AT 
URBANA-CHAMPAIGN 
‘Open Rank Tenured/Tenure-Track 
Faculty Position 
Department of Comparative Biosciences 
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WORKING LIFE 


‘By Beftnerios P Diamandls 


Getting noticed is half the battle 


he hiring game starts early, Well before a faculty position even opens, department members 
and administrators tend to observe the available pool of candidates and shortlist the ones they 
consider most promising. Savvy candidates work this preselection process to their advantage. 
Some ways of doing this are obvious: Be an excellent scholar, Publish well. Work hard. Com- 
municate with the public and your peers. But a well-planned, long-range effort to ensure your 
visibility among those who have hiring responsibilities can be the deciding factor. 


Heres how i worked for me, 1 ar. 
rived at the University of Toronto 
in 1982 as a postdoctoral diploma 
candidate in. clinical biochemis- 
tay. Coming from a rather poor 
‘countryGreece—vns & disadvan 
tage, so 1 id all T could to adapt 
to the neve envionment, fl my 
Snowledge gaps, and make a good 
impression with hard work and 
Sedication. When I finished the di- 
ploma training in 1964, the chair of 
the department showed intrest in 
finding ajob for me- But Thad 10 29, 
‘back to Greece ist to complete my 
‘medical degree finshed itn 1986, 

When I retumed to Toronto, 


PD. sclentist—worked far less 
than I dig; she took on the bulk of 
the domestic responsibilities. Our 
children spent many Saturdays and 
some Sundays playing in the com- 
ppany lobby: We made Tanch in the 
break room microwave 

My colleagues and T managed to 
publish numerous papers, and Twas 
fnvited repeatedly to present at ne 
‘ional and international eonferences 
Tas able to demonstrate, a the de- 
partments annual report, scientific 
productivity comparable in quantity 
and quality tothe full-time aeadem- 
les in the department. I made sure 
these utes were notice 


1 yr Mined on te cor of I made myself visible Se ee cai 
tear and dereopmestatssmali By participating in every wing in every rar sesnat— 
Totchnology company spun TY sey, somsering te bang 
ftom the univers Taso ad an research seminar: Give and how buy {vas ath 


adjunct postion in clinical bio- 
chemistry at the University of Toronto. I had no special 
training or experience in business management, but T 
found myself directing eight PhD. seientiss, working to- 
gether to develop a commercial product 

Working ata company was not mi first choice, bat I gave 
‘everything Thad, andthe work I did there laid a corner- 
stone for my future succes. [learned to appreciate the di 
Seultis associated with developing and commercializing 
‘system, which we succeeded in doing toward the end of 
ty time there, I Tearned how to manage people and how 
to keep them focused on a single task. I met with potential 
‘astomers and investors and learned how to negotiate and 
romote products and ideas 

"The job was good and challenging, but it was not what 
{was aiming for inthe long term. Meanwhile, a new chair 
hnad taken over in the department, and stout to persuade 
him to hire me as an actdemie linician-scients. 

worked 16 to 17 hours a day, not just to make pros- 
ress on the technology but also to publish our results in 
high-impact journals, How did I manage i? My wife—also 


company. Each time Y entered the 
lecture room, I made point of passing in fro ofthe de- 
partment chr before siting down. At the end of every semi- 
Dua, made sure to ask a carefully crafted question oF tn. 

‘Aftor 18 months ofthis, the chair pald me an unexpected 
Visit at the company and invited meta become his deputy 
{nthe department and atthe teaching bosptal. Ten years 
late, I succeeded him, 

‘Our danger, by the way; is now a Ph.D. scientist work- 
{ng asa clinical chemist, and our gon isin training to be- 
come an MD-PLD. neuropathologist. My wife isa senior 
scientist ata major teaching hospital 

Making sure ou are noticed can give you the edge you 
seed over your silent competition. 


igiharios P Diamandis i professor and head of clinical bi 
‘chemistry atthe University af Taronto,bochemist-in-ehief at 
University Health Neswork, and head of einial biockemis- 
(ry at Mount Sina Hospital in Toronto, Canada. For more on 
{ie and carers, vst sciencecareraong Send your story t0 
‘SeiCarerEdtor@aaas.org 
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